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XPREFACE.
Modern s c i e n c e  and t e c h n o l o g y  appear©  t o  be a d v a n c in g  a t  
an u n p r e c e d e n te d  r a t e  on so many f r o n t s  f ro m  t h e  
b i o l o g i c a l  (such as m o l e c u l a r  b i o l o g y )  t o  t h e  p h y s i c a l  
(such as s e m ic o n d u c t o r  t e c h n o l o g y ) .  U n d e r p i n n in g  much o f  
t h e  new p u r e  and a p p l i e d  s c i e n c e  a r e  a v a r i e t y  o f  
a n a l y t i c a l  t e c h n i q u e s  which r a r e l y  a t t r a c t  much a t t e n t i o n  
f ro m  o t h e r  s c i e n t i s t s  l e t  a l o n e  members o f  t h e  p u b l i c .  
A n a l y t i c a l  c h e m i s t r y  i s  f r e q u e n t l y  r e g a r d e d  by non­
a n a l y s t s  as  a " s e r v i c e "  r a t h e r  th a n  a s u b j e c t  w o r th y  o f  
f u n d a m e n ta l  r e s e a r c h  i n  i t s  own r i g h t ,  y e t  many i m p o r t a n t  
c o n c l u s i o n s  drawn by r e s e a r c h  w o r k e r s  r e l y  h e a v i l y  on 
a n a l y t i c a l  r e s u l t s .  I f  t h e  a n a l y t i c a l  c h e m i s t r y  i s  
u n r e l i a b l e  so t o o  must be any c o n c l u s i o n s  drawn f ro m  
t h e s e  a n a l y s e s .  I t  f o l l o w s ,  t h e r e f o r e , '  t h a t  u n e q u iv o c a l  
c o n c l u s i o n s  r e q u i r e  u n e q u iv o c a l  a n a l y s e s  and as modern 
r e s e a r c h  becomes i n c r e a s i n g l y  more complex and 
f u n d a m e n t a l ,  so t h e  demands made on a n a l y t i c a l  c h e m i s t r y  
become e v e r  more s t r i n g e n t .  T h i s ,  in  i t s e l f  must s u r e l y  
be s u f f i c i e n t  j u s t i f i c a t i o n  f o r  s u p p o r t i n g  f u n d a m e n ta l  
r e s e a r c h  i n t o  a n a l y t i c a l  c h e m i s t r y .  E x i s t i n g  a n a l y t i c a l  
t e c h n i q u e s  must be d e v e lo p e d  and new a p p ro a c h e s  d e v is e d  
i f  a n a l y t i c a l  c h e m i s t r y  i s  t o  meet t h e  c h a l l e n g e  
p r e s e n t e d  by t h e  o t h e r  s c i e n t i f i c  d i s c i p l i n e s  i t  s e r v e s .
The aim o f  t h i s  t h e s i s  i s  n o t  o n l y  t o  d e s c r i b e  t h e  
d ev e lo p m e n t  o f  a n o v e l  a pp ro ach  t o  t h e  a n a l y s i s  o f  human
Xi
m i l k  f o r  o r g a n o c h l o r i n e  r e s i d u e s ,  b u t  a l s o  t o  show how 
advances  i n  a n a l y t i c a l  t e c h n i q u e s  have e n a b le d  more 
m e a n in g f u l  r e s e a r c h  t o  be c a r r i e d  o u t  r e g a r d i n g  t h e  
t o x i c o l o g i c a l  s i g n i f i c a n c e  o f  o r g a n o c h l o r i n e  p o l l u t i o n  
and t h e r e b y  i l l u s t r a t e ,  i n  a s m a l l  way, t h e  i m p o r t a n t  
r o l e  a n a l y t i c a l  c h e m i s t r y  has t o  p l a y  i n  modern s c i e n c e  
and s o c i e t y .
Xi i
SUMMARY.
The d e v e lo p m e n t  o-f a n ove l  ap p ro ach  t o  t h e  a n a l y s i s  o-f 
human m i l k  f o r  r e s i d u e s  o f  o r g a n o c h l o r i n e  c o n t a m i n a n t s  i s  
d i s c u s s e d .  The s y n t h e s i s  and i s o l a t i o n  o f  s e l e c t e d  
p o l y c h l o r o b i p h e n y l  c o n g e n e rs  i s  a l s o  d e s c r i b e d .  The 
p ro b le m s  o f  e n v i r o n m e n t a l  c o n t a m i n a t i o n  w i t h
o r g a n o c h l o r i n e  p o l l u t a n t s  i s  b r i e f l y  r e v i e w e d  w i t h  
p a r t i c u l a r  em phasis  on t h e  c o n t a m i n a t i o n  o f  human m i l k .  
A n a l y t i c a l  m e thodo logy  i s  d i s c u s s e d  b r o a d l y  u n d er  t h e  
h e a d in g s  o f  e x t r a c t i o n ,  c l e a n - u p  and q u a n t i t a t i o n .  Each 
s e c t i o n  b e g in s  w i t h  a b r i e f  r e v i e w  o f  r e l e v a n t  a n a l y t i c a l  
t e c h n i q u e s  f o l l o w e d  by d e t a i l s  o f  t h e  e x p e r i m e n t a l  work 
u n d e r t a k e n  i n  t h e  d ev e lo p m en t  o f  a new app ro ach  t o  t h e  
a n a l y s i s .  The new method i n v o l v e d  a d s o r p t i o n  o f  10 ml o f  
m i l k  o n to  a s e l e c t i v e  a d s o r b e n t  f o l l o w e d  by S o x h l e t  
e x t r a c t i o n  w i t h  he x a n e .  The e x t r a c t  was t h e n  re d u c e d  i n  
volum e u s in g  a K u d e r n a - D a n is h  e v a p o r a t o r  and c l e a n e d  up 
u s i n g  an HP-GPC method.  The HP-GPC c l e a n - u p  p r o c e d u r e  
produ ced  a l i p i d  f r a c t i o n  and a r e s i d u e  f r a c t i o n  f o r  each  
s a m p le .  The l i p i d  f r a c t i o n  was rem oved,  t h e  s o l v e n t  
e v a p o r a t e d  and t h e  l i p i d  w eighed i n  o r d e r  t o  p r o v i d e  a 
g r a v i m e t r i c  d e t e r m i n a t i o n  o f  t h e  l i p i d  c o n t e n t  o f  t h e  
m i l k .  A f t e r  t h e  a d d i t i o n  of  a known amount o f  an i n t e r n a l  
s t a n d a r d ,  t h e  r e s i d u e  f r a c t i o n  was f u r t h e r  r e d u c e d  in  
volum e t o  about  1 ml and s e l e c t e d  o r g a n o c h l o r i n e  r e s i d u e s  
w ere  th e n  d e t e r m in e d  u s in g  a GC-MS method e m p lo y in g  70 eV 
p o s i t i v e  io n  EIMS w i t h  s e l e c t e d  io n  m o n i t o r i n g .  The
Xi i i
method was appliesd t o  t w e l v e  human m i l k  s am p les .  The 
r e s u l t s  o-f t h e  m i l k  a n a l y s e s  and t h e  p e r f o r m a n c e  o f  t h e  
method a r e  d i s c u s s e d .
xi v
1 sh o u ld  l i k e  t o  e x p r e s s  my g r a t i t u d e  t o  my s u p e r v i s o r s ,  
Drs T .M .  J e f f e r i e s  and L . J .  N o t a r i a n n i ,  f o r  t h e i r  a d v i c e ,  
encouragem ent  and p a t i e n c e . I  s h o u Id  a l s o  l i k e  t o  th a n k  
Dr A . J .  F lo y d  f o r  s p e n d in g  so much o f  h i s  t i m e  t r a i n i n g  
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1i _ . _ I NTRODUCTION.
N o te  on t h e  num ber ing  o-f PCB c o n g e n e r s .
T h ro u g h o u t  t h i s  w o rk ,  t h e  IUPAC system  due t o  
B a l l s c h m i t e r  and Z e l l  C1> f o r  num bering  c h l o r i n a t e d  
b i p h e n y l s  i s  used t o  i d e n t i f y  i n d i v i d u a l  c o n g e n e r s .
1 . 1 .  O r g a n o h a lo gens i n t h e  E n v i r o nment.
F o r  many y e a r s  now, t h e  p o l l u t i o n  o f  t h e  e n v i r o n m e n t  w i t h  
o r g a n o h a lo g e n s  has been t h e  f o c u s  o f  m a jo r  r e s e a r c h  
p r o j e c t s  around  t h e  w o r ld  and t h e  volume o f  l i t e r a t u r e  
now c o v e r i n g  t h e  t o p i c  i s  v a s t .  The c o n t a m i n a t i o n  i s  
e x t r e m e l y  w id e s p r e a d  and t r a c e s  o f  o r g a n o h a lo g e n s  can be  
fo u n d  o v e r  much o f .  t h e  E a r t h ' s  s u r f a c e .  The s o u r c e s  o f  
t h i s  c o n t a m i n a t i o n  a r e  m a n i f o l d  and p o l l u t i o n  has a r i s e n  
b o th  f ro m  normal  usage o f  o r g a n o h a lo g e n  p r o d u c t s  as  w e l l  
as f ro m  i n d u s t r i a l  a c c i d e n t s .
O r g a n o h a lo g e n s , and i n  p a r t i c u l a r  o r g a n o c h l o r i n e s , have  
been w i d e l y  used i n  t h e  p a s t  f o r  many p u r p o s e s .  D u r in g  
W orld  War I I ,  DDT was used t o  c o n t r o l  m a l a r i a  and t y p h u s  
and was found t o  be e x t r e m e l y  e f f e c t i v e  i n  t h i s  r o l e .  
A f t e r  t h e  w a r ,  DDT became w i d e l y  used f o r  o t h e r  p u rp o s e s  
i n c l u d i n g  a g r i c u l t u r a l  p e s t  c o n t r o l .
R e s e a rc h  i n t o  o r g a n o c h l o r i n e  p e s t i c i d e s  (OCPs) p roduced
2o t h e r  m a t e r i a l s  -for p e s t  c o n t r o l  such as t h e  c h l o r i n a t e d  
d i m e t h a n o n a p h t h a le n e s  ( t h e  " d r i n s " ) ,  t h e  1 , 2 , 3 , 4 , 5 , 6~ 
h e x a c h l o r o c y c l o h e x a n e s  (HCHs, f o r m a l l y  known as  B H C s) , 
h e x a c h lo r o b e n z e n e  (HCB) and many o t h e r s .  These m a t e r i a l s  
were bo th  cheap t o  p ro d u ce  and e f f e c t i v e .
The p o l y c h l o r i n a t e d  b i p h e n y l s  (PCBs) were a n o t h e r  c l a s s  
o f  o r g a n o c h l o r i n e s  w i t h  a d i v e r s i t y  o f  u se s .  M i x t u r e s  of  
PCB co n g e n e rs  were made by d i r e c t  c h l o r i n a t i o n  o f  
b i p h e n y l  and f rom  1930 t o  1977 were m a rk e te d  by t h e  
Monsanto C o r p o r a t i o n  under  t h e  t r a d e  name " A r o c l o r " .  
D u r in g  t h a t  t i m e ,  a number o f  o t h e r  com panies  a l s o  
m a n u fa c tu r e d  PCB m i x t u r e s  and s o l d  them und er  v a r i o u s  
brand names l i k e  " C lo p h e n " ,  "F 'henoc lor"  and " K a n e c h l o r " .  
Uses o f  PCB m i x t u r e s  i n c l u d e d  d i e l e c t r i c  f l u i d s  in  
t r a n s f o r m e r s  and c a p a c i t o r s ,  h e a t  e x c h a n g e r  f l u i d s ,  
p r i n t i n g  in k  a d d i t i v e s  and many o t h e r s  C2>.
O r g a n o c h l o r i n e s  were known t o  be v e r y  s t a b l e  and 
l i p o p h i l i c .  These two p r o p e r t i e s  l e d  t o  p e r s i s t e n c e  of  
o r g a n o c h l o r i n e  r e s i d u e s  i n  t h e  e n v i r o n m e n t  and 
b i o c o n c e n t r a t i o n  w i t h i n  t h e  food  c h a i n .  I n s t a n c e s  o f
a c u t e  human t o x i c i t y  had been o b s e rv e d  f o r  a l l  t h e s e  
m a t e r i a l s  q u i t e  e a r l y  i n  t h e i r  h i s t o r i e s  b u t  t h e s e  were  
g e n e r a l l y  due t o  g r o s s  e x p o s u r e  t o  t h e  compounds. As 
e a r l y  as 1951 ,  Laug e t  a I . C3> had d e m o n s t r a t e d  t h e
p r e s e n c e  o-f DDT i n  t h e  m i l k  o f  l a c t a t i n g  women, b u t  t h e
p ro b lem s  o f  t o x i c i t y  ( e i t h e r  a c u t e  o r  c h r o n i c )  d i d  no t
3r e a l l y  a t t r a c t  much a t t e n t i o n  u n t i l  t h e  e a r l y  1960s when 
t h e  s e r i o u s  e c o l o g i c a l  im p ac t  o f  t h e  w id e s p r e a d  and 
l a r g e l y  i n d i s c r i m i n a t e  use o f  OCRs was d e s c r i b e d  by 
v a r i o u s  a u t h o r s  i n c l u d i n g  Rachel  Carson i n  h e r  book 
"Si 1 e n t  Spr i ng " f 4> . These r e v e  1 a t i  ons a 1 1 r a c t e d  paub 1 i o 
and t h e r e f o r e  p o l i t i c a l  i n t e r e s t  and d u r i n g  t h e  1960s t h e  
m o n i t o r i n g  and c o n t r o l  o f  e n v i r o n m e n t a l  l e v e l s  o f  OCRs
became an i m p o r t a n t  issue*.
In  t h e  c l i m a t e  c r e a t e d  by t h i s  u p s u rg e  i n  i n t e r e s t  in
e n v i r o n m e n t a l  p o l l u t i o n ,  many OCR r e s i d u e  a n a l y s e s  were  
c a r r i e d  o u t ,  m a i n l y  u s in g  gas c h r o m a t o g r a p h y . I t  was 
common t o  f i n d  c h r o m a t o g r a p h ic  peaks  which d i d  n o t  
c o r r e s p o n d  t o  any known OCRs amongst a l l  t h e  i d e n t i f i a b l e  
p e s t i c i d e  r e s i d u e s .  S. J e n s e n ,  a Swedish s c i e n t i s t  
i d e n t i f i e d  t h e s e  peaks as b e in g  due t o  PCBs and p u b l i s h e d  
t h i s  f i n d i n g  in  1966 f!5>.
The numerous s t u d i e s  con d u c ted  w o r ld w id e  on t h e
c h e m i s t r y ,  t o x i c o l o g y  and e c o lo g y  o f  p e r s i s t e n t  OCRs and
PCBs c u l m i n a t e d  i n  bans or  s e v e r e  r e s t r i c t i o n s  b e in g
%
imposed on t h e i r  use by most d e v e lo p e d  c o u n t r i e s  d u r i n g  
t h e  1970s and t h e  m a n u f a c t u r e  o f  many o f  t h e s e  m a t e r i a l s
has dropped d r a m a t i c a l l y  as  a r e s u l t .  D e s p i t e  t h e s e
m easures ,  t h e  e n v i r o n m e n t a l  p e r s i s t e n c e  o f  OCRs and PCBs,  
as w e l l  as t h e  c o n t i n u e d  use o f  some OCP p r o d u c t s  and t h e  
w id e s p re a d  use o f  o l d  e q u ip m e n t  c o n t a i n i n g  PCBs, w i l l  
e n s u re  t h a t  o r g a n o c h l o r i n e  r e s i d u e s  w i l l  r e m a in  i n  t h e
4e n v i r o n m e n t  -for many y e a r s  t o  come.
The World  H e a l t h  O r g a n i z a t i o n  (WHO) has ta k e n  
c o n s i d e r a b l e  i n t e r e s t  i n  e n v i r o n m e n t a l  p o l l u t i o n  and has  
commissioned s e v e r a l  s t u d i e s  on a number o f  r e l e v a n t  
t o p i c s .  The r e s u l t s  o f  t h e s e  s t u d i e s  a r e  p u b l i s h e d  i n  
v a r i o u s  fo rm s  i n c l u d i n g  t h e  WHO E n v i r o n m e n ta l  H e a l t h  
C r i t e r i a  s e r i e s  which i n c l u d e s  monographs on DDT and
PCBs -C7>. The WHO, i n  c o n j u n c t i o n  w i t h  t h e  Food and 
A g r i c u l t u r e  O r g a n i z a t i o n  o f  t h e  U n i t e d  N a t i o n s  <FAO> use  
t h e  d a t a  a v a i l a b l e  t o  them t o  p rodu ce  FAO/WHO a c c e p t a b l e  
d a i l y  i n t a k e  (ADI)  l e v e l s  f o r  many c o n t a m i n a n t s  i n c l u d i n g  
s e v e r a l  OCRs. S e t t i n g  such l i m i t s  i s  an e x t r e m e l y  
d i f f i c u l t  t a s k  and t h e  l i m i t s  chosen a r e  ope*n t o  d e b a t e .  
H owever ,  t h e y  a lw a y s  aim t o  e r r  on t h e  s i d e  o f  c a u t i o n  
and ADI l e v e l s  a r e  g e n e r a l l y  s e t  a t  one o r  two o r d e r s  o f  
m a g n i tu d e  be low  t h e  e x p e c te d  "no o b s e r v a b l e  e f f e c t "  
l e v e l .  Due t o  t h e  p a r t i c u l a r  p ro b lem s  e n c o u n t e r e d  when 
t r y i n g  t o  ass e s s  t h e  t o x i c o l o g i c a l  p r o p e r t i e s  o f  v a r i a b l e  
m i x t u r e s ,  t h e  FAO/WHO have n o t  s e t  an ADI l i m i t  f o r  PCBs 
a l t h o u g h  a l i m i t  o f  i  yg kg- 1  d a y ” 1 t o t a l  PCB has been 
s u g g e s te d  -C8, 9 1 .  R e s id u e  l i m i t s  f o r  c o n t a m i n a n t s  in
i nd i  v i d u a 1 f  o o d s t u f f  s a r e  a 1 so s e t  by many c o u n t r i e s .  A 
p a r t i c u l a r l y  c o n t r o v e r s i a l  exam ple  o f  t h i s  i s  t h e  2 ppm 
l i m i t  s e t  i n  1979 by t h e  US FDA -CIO} f o r  PCBs i n  game 
f i s h  w h ic h ,  i n  c e r t a i n  p a r t s  o f  t h e  USA, a r e  known t o  
c o n t a i n  r e l a t i v e l y  h ig h  l e v e l s  o f  PCBs. T h i s  l i m i t  was 
s e t  a f t e r  c o n s i d e r a t i o n  o f  b o th  t o x i c o l o g i c a l  and
5commerci a 1 f a c t  o r  s as  we11 as  t h  e an a 1y t i  c a 1 cap a b i 1 i t  i es  
o-f t h e  t i m e .  T h i s  r e s t r i c t i o n  has been seen as r a t h e r  
a r b i t r a r y  by some w o r k e r s ,  e s p e c i a l l y  i n  v ie w  o f  t h e  
d i f f i c u l t i e s  in  i n t e r p r e t i n g  p e r t i n e n t  t o x i c o l o g i c a l  
d a t a .
A n o th e r  group o f  o r g a n o h a lo g e n s  which have caused  
c o n s i d e r a b l e  con cern  o v e r  r e c e n t  y e a r s  a r e  t h e  r e m a r k a b l y  
t o x i c  p o l y c h l o r o d i b e n z o f u r a n s  (PCDFs) and
p o l y c h l o r o d i b e n z o - p - d i o x i n s  (PCDDs) . These s u b s ta n c e s  a r e  
produced as i m p u r i t i e s  i n  t h e  m a n u f a c t u r e  o f  o t h e r  
o r g a n o c h l o r i n e  m a t e r i a l s  ( e . g .  2 , 4 , 5 - T > ,  by im p ro p e r
i n c i n e r a t i o n  o f  c e r t a i n  o r g a n o c h l o r i n e s  o r ,  i n  t h e  c as e  
of  PCDFs, by m e r e ly  h e a t i n g  PCBs. I n c i d e n t s  o f  
e n v i r o n m e n t a l  c o n t a m i n a t i o n  by t h e s e  m a t e r i a l s  have  
occurred, such as t h a t  a t  Seveso i n  I t a l y  i n  197 6 .  
F o r t u n a t e l y ,  i n  most c a s es  t h e  l e v e l s  have been q u i t e  low  
b u t  c o n t a m i n a t i o n  o f  t h e  e n v i r o n m e n t  w i t h  PCDFs or  PCDDs,  
when i t  a r i s e s ,  i s  a m a t t e r  o f  s e r i o u s  c o n c e r n .  A 
s t r i k i n g  exam ple  o f  t h i s  i s  t h e  case  o f  a h o u s in g  e s t a t e  
in  New York S t a t e ,  USA which was b u i l t  on c o n t a m i n a t e d  
l a n d .  The s o i l  was found  t o  c o n t a i n  o v e r  300 ppb o f
2 , 3 , 7 , 8-TCDD and more th a n  200 f a m i l i e s  had t o  be 
r e l o c a t e d  C11>. Much e f f o r t  i s  c u r r e n t l y  b e in g  d i r e c t e d  
to w a rd s  c o n t r o l l i n g  t h e  r e l e a s e  o f  PCDFs and PCDDs i n t o  
t h e  e n v i r o n m e n t  p a r t i c u l a r l y  by i n c i n e r a t o r s  and 
o r g a n o c h l o r i n e  m a n u f a c t u r i n g  p l a n t s .  In  t h i s  c o n t e x t ,  
d i s p o s a l  o f  o r g a n o c h l o r i n e s  can be a p ro b lem  { 1 2 1 .
6The human tox  i co l  ogi  c a l  i m p l i c a t i o n s  o-f r e s i d u e  l e v e l s  o-f 
□CPs a r e  d i f f i c u l t  t o  e v a l u a t e  and r i s k  assessm ent  i s  a 
c o n t e n t i o u s  i s s u e .  However ,  a l o t  o f  work has been done 
and t h e  FAO/WHO have s e t  ADI l i m i t s  f o r  many OCRs. PCBs 
p r e s e n t  a p a r t i c u l a r l y  awkward t o x i c o l o g i c a l  p ro b lem  
s i n c e  t h e y  occur  as  m i x t u r e s  o f  v a r i a b l e  c o m p o s i t i o n .  
Much work has been c a r r i e d  o u t  on t h e  t o x i c i t y  o f  
com m erc ia l  PCB m i x t u r e s ,  b u t  t h e s e  s t u d i e s  can be 
m i s l e a d i n g  s i n c e  due t o  s e l e c t i v e  d e g r a d a t i o n  and 
m e t a b o l is m ,  t h e  p a t t e r n  o f  PCB c o n g e n e rs  i n  t h e  
e n v i r o n m e n t  and i n  b i o l o g i c a l  t i s s u e s  i s  u s u a l l y  q u i t e  
d i f f e r e n t  f rom  t h e  p a t t e r n  seen in  com m erc ia l  m i x t u r e s .  
The t o x i c o l o g i c a l  p r o p e r t i e s  o f  d i f f e r e n t  c o n g e n e rs  
v a r i e s  w i d e l y  -C133- and t h e  o n l y  u n i v e r s a l l y  u s e f u l  
t o x i c o l o g i c a l  d a t a  a r e  based on congener— s p e c i f i c  
s t u d i e s .  In  t h e  p a s t ,  a n a l y s e s  f o r  r e s i d u e s  o f  PCBs have  
n o t  u s u a l l y  been c o n g e n e r - s p e c i f i c  and f u r t h e r m o r e ,  have  
o f t e n  been o f  d u b io u s  a c c u r a c y .  These f a c t o r s  have meant  
t h a t  PCB r e s i d u e  l e v e l s  c o u ld  n o t  be m e a n i n g f u l l y  
i n t e r p r e t e d  i n  t o x i c o l o g i c a l  t e r m s .  I t  h a s ,  t h e r e f o r e ,  
been a n a t u r a l  consequence  t h a t  congener— s p e c i f i c  
t o x i c i t y  s t u d i e s  and r e s i d u e  a n a l y s e s  have  r i s e n  in  
p o p u l a r i t y ,  f u e l l e d  by t h e  im provem ents  i n  a n a l y t i c a l  
t e c h n o lo g y  and t h e  w id e r  a v a i l a b i l i t y  o f  i n d i v i d u a l  PCB 
c o n g e n e rs .  Hence i t  i s  t o  be hoped t h a t  f u t u r e  a n a l y s e s  
of  e n v i r o n m e n t a l  sam ples  w i l l  be m a i n l y  c o n g e n e r - s p e c i f i c  
and t h e  t o x i c o l o g i c a l  i m p l i c a t i o n s  o f  t h e  r e s u l t s  w i l l  be 
more r e a d i l y  u n d e r s to o d .
3r e a l l y  a t t r a c t  much a t t e n t i o n  u n t i l  t h e  e a r l y  1960s when 
t h e  s e r i o u s  e c o l o g i c a l  im p a c t  o f  t h e  w id e s p r e a d  and 
l a r g e l y  i n d i s c r i m i n a t e  use o f  OCRs was d e s c r i b e d  by 
v a r i o u s  a u t h o r s  i n c l u d i n g  Rachel  Carson i n  h e r  book 
" S i l e n t  S p r i n g "  -C43*. These r e v e l a t i o n s  a t t r a c t e d  p u b l i c  
and t h e r e f o r e  p o l i t i c a l  i n t e r e s t  and d u r i n g  t h e  1960s t h e  
m o n i t o r i n g  and c o n t r o l  o f  e n v i r o n m e n t a l  l e v e l s  o f  OCRs 
became an i m p o r t a n t  i s s u e .
In  t h e  c l i m a t e  c r e a t e d  by t h i s  ups urge  i n  i n t e r e s t  i n  
e n v i r o n m e n t a l  p o l l u t i o n ,  many OCR r e s i d u e  a n a l y s e s  were  
c a r r i e d  o u t ,  m a i n ly  u s in g  gas c h r o m a t o g r a p h y . I t  was 
common t o  f i n d  c h r o m a t o g r a p h ic  peaks  which d i d  no t  
c o r r e s p o n d  t o  any known OCRs amongst a l l  t h e  i d e n t i f i a b l e  
p e s t i c i d e  r e s i d u e s .  S. J e n s e n ,  a Swedish s c i e n t i s t  
i d e n t i f i e d  t h e s e  peaks  as  b e in g  due t o  PCBs and p u b l i s h e d  
t h i s  f i n d i n g  i n  1966 -CSl.
The numerous s t u d i e s  c o n d u c ted  w o r ld w id e  on t h e  
c h e m i s t r y ,  t o x i c o l o g y  and e c o lo g y  o f  p e r s i s t e n t  OCRs and 
PCBs c u l m i n a t e d  i n  bans or  s e v e r e  r e s t r i c t i o n s  b e in g  
imposed on t h e i r  use by most d e v e lo p e d  c o u n t r i e s  d u r i n g  
t h e  1970s and t h e  m a n u f a c t u r e  o f  many o f  t h e s e  m a t e r i a l s  
has dropped d r a m a t i c a l l y  as a r e s u l t .  D e s p i t e  t h e s e  
m eas ures ,  t h e  e n v i r o n m e n t a l  p e r s i s t e n c e  o f  OCRs and PCBs,  
as w e l l  as t h e  c o n t i n u e d  use o f  same OCR p r o d u c t s  and t h e  
w id e s p r e a d  use o f  o l d  equ ip m en t  c o n t a i n i n g  PCBs, w i l l  
e n s u r e  t h a t  o r g a n o c h l o r i n e  r e s i d u e s  w i l l  re m a in  i n  t h e
4e n v i r o n m e n t  f o r  many y e a r s  t o  come.
The World  H e a l t h  O r g a n i z a t i o n  (WHO) has t a k e n  
c o n s i d e r a b l e  i n t e r e s t  i n  e n v i r o n m e n t a l  p o l l u t i o n  and has  
commissioned s e v e r a l  s t u d i e s  on a number o f  r e l e v a n t  
t o p i c s .  The r e s u l t s  o f  t h e s e  s t u d i e s  a r e  p u b l i s h e d  in  
v a r i o u s  fo rm s  i n c l u d i n g  t h e  WHO E n v i r o n m e n t a l  H e a l t h  
C r i t e r i a  s e r i e s  which i n c l u d e s  monographs on DDT -C6> and 
PCBs -C7>. The WHO, i n  c o n j u n c t i o n  w i t h  t h e  Food and 
A g r i c u l t u r e  O r g a n i z a t i o n  o f  t h e  U n i t e d  N a t i o n s  (FAQ) use  
t h e  d a t a  a v a i l a b l e  t o  them t o  p rodu ce  FAO/WHO a c c e p t a b l e  
d a i l y  i n t a k e  (ADI)  l e v e l s  f o r  many c o n t a m i n a n t s  i n c l u d i n g  
s e v e r a l  OCF's. S e t t i n g  such l i m i t s  i s  an e x t r e m e l y  
d i f f i c u l t  t a s k  and t h e  l i m i t s  chosen a r e  open t o  d e b a t e .  
However ,  t h e y  a lw a y s  aim t o  e r r  on t h e  s i d e  o f  c a u t i o n  
and ADI l e v e l s  a r e  g e n e r a l l y  s e t  a t  one or  two o r d e r s  of  
m ag n i tu d e  be low  t h e  e x p e c t e d  "no o b s e r v a b l e  e f f e c t "  
l e v e l .  Due t o  t h e  p a r t i c u l a r  p ro b le m s  e n c o u n t e r e d  when 
t r y i n g  t o  assess  t h e  t o x i c o l o g i c a l  p r o p e r t i e s  o f  v a r i a b l e  
m i x t u r e s ,  t h e  FAC/WHO have n o t  s e t  an ADI l i m i t  f o r  PCBs 
a l t h o u g h  a l i m i t  o f  1 pg kg- 1  d a y ” 1 t o t a l  PCB has been  
su g g e s te d  -C8, 9 > .  R e s id u e  l i m i t s  f o r  c o n t a m i n a n t s  in
i n d i v i d u a l  f o o d s t u f f s  a r e  a l s o  s e t  by many c o u n t r i e s .  A 
p a r t i c u l a r l y  c o n t r o v e r s i a l  exam ple  o f  t h i s  i s  t h e  2 ppm 
l i m i t  s e t  i n  1979 by t h e  US FDA -CIO f o r  PCBs i n  game 
f i s h  w h ic h ,  in  c e r t a i n  p a r t s  o f  t h e  USA, a r e  known t o  
c on t a i n  r e l a t i v e l y  h ig h  1 e v e I s  o f  PCBs. Th i s 1 i mi t  was 
s e t  a f t e r  c o n s i d e r a t i o n  o f  b o th  t a x i c o l o g i c a l  and
5com m erc ia l  f a c t o r s  as w e l l  as  t h e  a n a l y t i c a l  c a p a b i l i t i e s  
o f  t h e  t i m e .  T h i s  r e s t r i c t i o n  has been seen as r a t h e r  
a r b i t r a r y  by some w o r k e r s ,  e s p e c i a l l y  i n  v ie w  o f  t h e  
d i f f i c u l t i e s  i n  i n t e r p r e t i n g  p e r t i n e n t  t o x i c o l o g i c a l  
d a t a .
A n o th e r  group o f  o r g a n o h a lo g e n s  which have caused  
c o n s i d e r a b l e  con cern  o v e r  r e c e n t  y e a r s  a r e  t h e  r e m a r k a b ly  
t o x i c  p o l y c h i o r o d i b e n z o f u r a n s  (PCDFs) and
p o l y c h l o r o d i b e n z o - p - d i o x i n s  (PCDDs).  These s u b s ta n c e s  a r e  
produced as i m p u r i t i e s  i n  t h e  m a n u f a c t u r e  o f  o t h e r  
o r g a n o c h l o r i n e  m a t e r i a l s  ( e . g .  2 , 4 , 5 - T ) ,  by im p ro p er
i n c i n o r a t i o n  o f  c e r t a i n  o r g a n o c h l o r i n e s  o r ,  i n  t h e  case  
of  PCDFs, by m e r e ly  h e a t i n g  PCBs. I n c i d e n t s  of  
e n v i r o n m e n t a l  c o n t a m i n a t i o n  by t h e s e  m a t e r i a l s  have  
occurred, such as t h a t  a t  Seveso i n  I t a l y  i n  1976 .  
F o r t u n a t e l y ,  i n  most cas e s  t h e  l e v e l s  have been q u i t e  low  
b u t  c o n t a m i n a t i o n  o f  t h e  e n v i r o n m e n t  w i t h  PCDFs or  PCDDs, 
when i t  a r i s e s ,  i s  a m a t t e r  o f  s e r i o u s  c o n c e r n .  A 
s t r i k i n g  exam ple  o f  t h i s  i s  t h e  case  o f  a hou s in g  e s t a t e  
i n  New York S t a t e ,  USA which was b u i l t  on c o n ta m in a t e d  
l a n d .  The s o i l  was found  t o  c o n t a i n  o v e r  300 ppb of
2 , 3 , 7 , 8-TCDD and more th a n  200  f a m i l i e s  had t o  be 
r e l o c a t e d  C l l > .  Much e f f o r t  i s  c u r r e n t l y  b e in g  d i r e c t e d  
t o w a rd s  c o n t r o l l i n g  t h e  r e l e a s e  o f  PCDFs and PCDDs i n t o  
t h e  e n v i r o n m e n t  p a r t i c u l a r l y  by i n c i n e r a t o r s  and 
o r g a n o c h l o r i n e  m a n u f a c t u r i n g  p l a n t s .  In  t h i s  c o n t e x t ,  
d i s p o s a l  o f  o r g a n o c h l  o r  i nes can be a p rob lem  -C12>.
6Th 0  human t o x i c o l o g i c a l  i  mp 1 i  c a t  i o n s  o f  r e s  i d ue l e v e l  s o f  
OCRs a r e  d i f f i c u l t  t o  e v a l u a t e  and r i s k  assessm ent  i s  a 
c o n t e n t i o u s  i s s u e .  However ,  a l o t  o f  work has been done  
and t h e  FAO/WHO have s e t  ADI l i m i t s  f o r  many OCRs. RGBs 
p r e s e n t  a p a r t i c u l a r l y  awkward t a x i c o l o g i c a l  p rob lem  
s i n c e  t h e y  o c c u r  as m i x t u r e s  o f  v a r i a b l e  c o m p o s i t i o n .
Much work has been c a r r i e d  o u t  on t h e  t o x i c i t y  of
co m m erc ia l  RGB m i x t u r e s ,  b u t  t h e s e  s t u d i e s  can be 
m i s l e a d i n g  s i n c e  due t o  s e l e c t i v e  d e g r a d a t i o n  and 
m e t a b o l i s m ,  t h e  p a t t e r n  o f  RGB c o n g e n e rs  i n  t h e  
e n v i r o n m e n t  and i n  b i o l o g i c a l  t i s s u e s  i s  u s u a l l y  q u i t e  
d i f f e r e n t  f ro m  t h e  p a t t e r n  seen in  com m erc ia l  m i x t u r e s .  
The t a x i c o l o g i c a l  p r o p e r t i e s  o f  d i f f e r e n t  co n g e n e rs  
v a r i e s  w i d e l y  *C13> and t h e  o n l y  u n i v e r s a l l y  u s e f u l  
t o x i c o l o g i c a l  d a t a  a r e  based on c o n g e n e r - s p e c i f i c
s t u d i e s .  In  t h e  p a s t ,  a n a l y s e s  f o r  r e s i d u e s  o f  RGBs have
n o t  u s u a l l y  been congener— s p e c i f i c  and f u r t h e r m o r e ,  have  
o f t e n  been o f  d u b io u s  a c c u r a c y .  These f a c t o r s  have  meant  
t h a t  RGB r e s i d u e  l e v e l s  c o u ld  n o t  be m e a n i n g f u l l y  
i n t e r p r e t e d  i n  t o x i c o l o g i c a l  t e r m s .  I t  h a s ,  t h e r e f o r e ,  
been a n a t u r a l  consequence  t h a t  c o n g e n e r - s p e c i f i c  
t o x i c i t y  s t u d i e s  and r e s i d u e  a n a l y s e s  have  r i s e n  in  
p o p u l a r i t y ,  f u e l l e d  by t h e  im provem ents  i n  a n a l y t i c a l  
t e c h n o l o g y  and t h e  w id e r  a v a i l a b i l i t y  o f  i n d i v i d u a l  RGB 
c o n g e n e r s .  Hence i t  i s  t o  be hoped t h a t  f u t u r e  a n a l y s e s  
o f  e n v i r o n m e n t a l  sam ples  w i l l  be m a i n ly  c o r i g e n e r - s p e c i f i c  
and t h e  t o x i c o l o g i c a l  i m p l i c a t i o n s  o f  t h e  r e s u l t s  w i l l  be 
more r e a d i l y  u n d e r s t o o d .
71 . 2 .  Q rg anoch1 o r i nes i n  t h e  E n v i ro n m e n t  -  t h e  
Tax i  e o l o g i c a l  I mp l i e a t  i on s .
Th e t  ox i c o 1 og i c a 1 r  am i f  1 c a t  i. on s o f  o r  g an oc h 1 or  i n e 
c o n t a m i n a t i o n  o f  t h e  e n v i r o n m e n t  a r e  ha rd  t o  ju d g e  and 
a r e  a m a jo r  s o u rc e  o f  r e s e a r c h  and d e b a t e .  We a r e  a l l  
exposed t  o or  g an oc h 1 or  i n e s , m a i n l y  t  h r  oug h our  d i e t s , bu t  
t h e  n a t u r e  and c o n c e n t r a t i o n  o f  t h e  c o n t a m i n a n t s  v a r i e s  
w i d e l y  f ro m  person  t o  person  and f rom  p o p u l a t i o n  t o  
popu1 a t i  o n . E x t r a p o l a t i n g  an i  ma1 to x  i c i  t y  d a t a  t o  humans 
i s  f r a u g h t  w i t h  p r o b le m s ,  b u t  d e s p i t e  t h i s ,  a good d ea l  
of  p r o g r e s s  has been made. U n f o r t u n a t e l y ,  a f u r t h e r  
c o m p l i c a t i o n  i s  t h e  o c c u r r e n c e  o f  t h e  OCR r e s i d u e s  and 
PCB r e s i d u e s  in  a d m i x t u r e  r a t h e r  th a n  i n d i  v i  dua l  1y . T h i s  
f o r c e s  t h e  q u e s t i o n :  what a r e  t h e  e f f e c t s  o f  consuming  
s e v e r a l  d i f f e r e n t  r e s i d u e s  a t  once -  a r e  t h e  e f f e c t s  
a d d i t i v e ,  s y n e r g i s t i c  o r  a n t a g o n i s t i c  ? In  o r d e r  t o  h e lp  
" abso rb "  some o f  t h e  u n c e r t a i n t y ,  ADI l i m i t s  i n c l u d e  a 
c o n s i d e r a b l e  " s a f e t y  m a r g i n " .  ADI l i m i t s  a r e  s e t  w i t h  t h e  
i d e a  t h a t  t h e  s t a t e d  amount o f  t h e  m a t e r i a l  i n  q u e s t i o n  
can be consumed e v e r y  day f o r  l i f e  w i t h o u t  a p p r e c i a b l e  
r i s k .  T h i s  i s  an e x t re rn e 1y d i f f i c u l t  assessm ent  t o  make 
s i n c e  human c h r o n i c  t o x i c i t y  i s  n o t o r i o u s l y  hard  t o  
p r e d i c t  f rom  an im a l  d a t a ,  p a r t i c u l a r l y  a t  low l e v e l s  o f  
c o n t  a m i n a t  i □ n .
81 . 3 .  SlLlDJ\.£.9P.5 .^^ ]!19..L9.9.y. .9.1 OCPs and RGB s .
The e f f e c t s  o f  OCRs on a n i m a l s  and humans a r e  w e l l  
documented in  t h e  l i t e r a t u r e  -C14>.
S t u d i e s  o f  t h e  e f f e c t s  o f  OCR and RGB p o i s o n i n g  i n  humans 
have g e n e r a l l y  been made o n l y  on p e o p le  who have r e c e i v e d  
h ig h  doses o f  t h e  o r g a n o c h l o r i n e  m a t e r i a l  and l o n g - t e r m  
f o l l o w - u p  s t u d i e s  have p r o v i d e d  v e r y  u s e f u l  i n f o r m a t i o n .  
H o w e v e r , t h e  m a j o r i t y  o f  p e o p le  a r e  n e v e r  exposed t o  h ig h  
doses o f  DCRs and RCBs and i t  i s  d i f f i c u l t  t o  know how 
t h e  e f f e c t s  seen i n  " p o is o n e d "  p e o p le  r e l a t e  t o  t h e  r e s t  
of  t h e  p o p u l a t i o n .  The w e l l  known "Yusho" i n c i d e n t  i n  
Japan i n  196 8 ,  when o v e r  1000 p e o p le  consumed PCE-t 
c o n ta m in a t e d  r i c e  a i l ,  and t h e  a lm o s t  i d e n t i c a l  i n c i d e n t  
i n  Ta iwan i n  1979 ( t h e  "Yu-Cheng" i n c i d e n t )  caused many 
h e a l t h  p rob lem s amongst t h e  v i c t i m s  i n c l u d i n g  marked  
d e r m a t o l o g i c a l , m e t a b o l i c ,  n e u r o l o g i c a l ,  i m m u n o l o g i c a l ,  
g a s t r o i n t e s t i n a l  and h e p a t i c  e f f e c t s  CIS, 16>.  F o l l o w - u p  
s t u d i e s  a r e  c o n t i n u i n g  b u t  i t  i s  w i d e l y  a c c e p t e d  t h a t  t h e  
h e a l t h  e f f e c t s  i n c u r r e d  d u r i n g  t h e s e  e v e n t s  w ere  due  
l a r g e l y  t o  RCDFs and p e rh a p s  p o l y c h l o r i n a t e d  
q u a t e r p h e n y l s  (RCQs) which  were  a l s o  p r e s e n t  i n  t h e  
c o n ta m in a t e d  o i l s .  T h i s  has made t o x i c o l o g i c a l  e v a l u a t i o n  
even more d i f f i c u l t .
More s p e c i f i c  t o x i c o l o g i c a l  d a t a  f o r  RGBs have been  
o b t a i n e d  f rom  p e o p le  o c c u p a t i o n a l l y  exposed t o  t h e s e
9compounds. The l e v e l s  o f  F'CBs e n c o u n t e r e d  i n  such p e o p le  
h ave  been e x t r e m e l y  h ig h  in  some i n s t a n c e s  and c l i n i c a l  
e f f e c t s  have been o b s e r v e d ,  p a r t i c u l a r l y  d e r m a t o l o g i c a l  
p r o b le m s ,  bu t  t h e  symptoms a p p ear  t o  be m i l d  compared t o  
"Yusho" p a t i e n t s  and a r e  r e v e r s i b l e  on c e a s in g  e x p o su re  
•C17, 183-. T h i s  i s  e x p l a i n e d  by t h e  absence o f  PCDFs and 
F'CQs i n  p e o p le  o c c u p a t i o n a l l y  exposed t o  F'CBs.
As an exam ple  o f  OCR p o i s o n i n g ,  an i n c i d e n t  i n v o l v i n g  HCB 
was r e c o r d e d  i n  T u r k e y  i n  t h e  l a t e  1950s when g r a i n  
t r e a t e d  w i t h  HCB as a f u n g i c i d e  was consumed in  l a r g e  
q u a n t i t i e s .  A p p r o x i m a t e l y  500  p e o p le  d i e d  as a r e s u l t .  
T r a g i c a l l y ,  t h e  l e v e l s  o f  c o n t a m i n a t i o n  were  so h ig h  t h a t  
s e v e r a l  s u c k l i n g  i n f a n t s  were f a t a l l y  p o is o n e d  v i a  t h e i r  
m o t h e r s '  m i l k  C193-. In  a f o l l o w - u p  s t u d y ,  r a i s e d  HCB 
l e v e l s  were s t i l l  o b s e rv e d  i n  human m i l k  sam ples  t a k e n  
f ro m  t h e  same a r e a  some 25 y e a r s  a f t e r  t h e  e v e n t  -C203-.
The q u e s t i o n  o f  c a n c e r  i n d u c t i o n  i s  a lw a y s  v e r y  t o p i c a l  
and c o n s i d e r a b l e  e f f o r t  has been expended i n  t r y i n g  t o  
a s s e s s  t h e  c a n c e r  r i .s k  a s s o c i a t e d  w i t h  GCF* and PCB 
e x p o s u r e .  F o r t u n a t e l y ,  i t  a p p e a r s  t h a t  t h e  r i s k  o f  
c a r c i n o g e n s i s  i s  low f o r  b o th  OCRs -C6, 14 ,  213- and RCBs 
•Cl73- and RCBs app ear  t o  a c t  as c a n c e r  p r o m o t e r s  r a t h e r  
th a n  i n d u cers  £223-.
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1 . 4 .  Modes o f  Q r q a n o c h l o r i n e T o x i c i t y .
The mechanisms by which OCPs and F'CBs e x e r t  t h e i r  e f f e c t s  
i n  man a r e  n o t  w e l l  u n d e r s t o o d .  Much work i s  b e in g  
c a r r i e d  o u t ,  p a r t i c u l a r l y  i n  t h e  case  o f  RGBs. The  
a b i l i t y  o f  RGBs t o  i n d u c e  t h e  P - 4 5 0  and R-44S  
c y to c h ro m e s ,  e s p e c i a l l y  R -4 4 8  a r y l  h y d ro c a rb o n  
h y d r o x y l a s e  <AHH) has come under  c l o s e  s c r u t i n y .  The  
d e g re e  and p a t t e r n  o f  s u b s t i t u t i o n  o f  c h l o r i n e s  on t h e  
b i p h e n y l  n u c le u s  a p p e a r s  t o  d e t e r m i n e  t h e  t o x i c o l o g i c a l  
p r o f i l e  o f  a g iv e n  RGB c o n g e n e r .  A 3 , 3 ' , 4 , 4 '  p a t t e r n  
w i t h i n  t h e  o v e r a l l  c h l o r i n a t i o n  p a t t e r n  t o g e t h e r  w i t h  an 
a b i l i t y  t o  r e a d i l y  assume a p l a n a r  c o n f o r m a t i o n  c o n f e r s  
on a congener  s t r o n g  P - 4 4 8  AHH i n d u c i n g  p r o p e r t i e s .  T h i s  
P - 4 4 Q  i n d u c i n g  a c t i v i t y  i s  a l s o  c l a s s i f i e d  as 3 -  
m e t h y l c h o l a n t h r e n e  (3-MC) i n d u c i n g  a c t i v i t y .  Such 
c o n g en ers  a r e  a p p r o x i m a t e l y  i s o s t e r e o m e r i c  w i t h ,  and can  
i n t e r a c t  w i t h  t h e  same r e c e p t o r  s i t e ( s )  as  2 , 3 , 7 , 8 - T C D D  
which a l s o  e x h i b i t s  t h e s e  P - 4 4 8  AHH i n d u c i n g  p r o p e r t i e s  
•C13, 2 3 ,  2 4 } .  Some o t h e r  c o n g e n e rs  e x h i b i t  P - 4 5 0  (o r  
p h e n o b a r b i t o n e  t y p e )  i n d u c i n g  a c t i v i t y .  Many con g en ers  
show mixed R—4 5 0 / P - 4 4 8  i n d u c t i o n  p r o p e r t i e s  -C13, 2 5 }  o r  
in d e e d  no o b s e r v a b l e  enzyme i n d u c i n g  p r o p e r t i e s .  M o la r  
p o l a r i s a b i 1 i t y  seems t o  be a good i n d i c a t o r  o f  t h e  t y p e  
of  enzyme i n d u c i n g  p r o p e r t i e s  o f  a g i v e n  con g en er  { 1 7 } .
F o r t u n a t e l y ,  t h e  most p o t e n t  R -4 4 8  i n d u c e r s ,  which a r e  
t h e  most t o x i c  RGB c o n g e n e r s ,  a r e  n o t  m a jo r  components
(u s iA a l ly  <17.) o f  A r o c l o r  m i x t u r e s  C263-. R e c e p t o r  models  
•for PCD t o x i c i t y  have been proposed b u t  t h e  r e l a t i o n s h i p  
between o b s erved  r e c e p t o r  l e v e l s  and b i o l o g i c a l  e f f e c t s  
a r e  n o t  c l e a r  -C13, 2 7 ,  2 8 ,  2 9 } .  F u r t h e r  d e t a i l s  o f  OCR
and RGB t o x i c i t y  can be found i n  t h e  l i t e r a t u r e  -C13, 14 ,
4 cr *i / TA' lX  uJ X O  ^ «| •.«* v J  •
1 . 5 .  The Ro l e o f  An a l y t i c a l Chemi s t r y  i n t h e  C o n t r o l  of
Or g a n o c h i  or i  nes i n  t h e  E n v i r o n m e n t .
Much e f f o r t  i s  expended i n  d e v e l o p i n g  s u i t a b l e  a n a l y t i c a l  
methods f o r  d e t e r m i n i n g  o r g a n o c h l o r i n e  r e s i d u e s  in  
v a r i o u s  m a t e r i a l s .  The d a t a  g e n e r a t e d  by t h e s e  a n a l y s e s  
fo rm  t h e  b a s i s  on which p r a c t i c a l ,  q u a l i t a t i v e  d e c i s i o n s  
a r e  made, so t h e  r e s u l t s  p roduced have t o  be r e l i a b l e .  So 
i t  can be seen t h a t  a n a l y t i c a l  c h e m i s t r y  has a c e n t r a l  
r o l e  t o  p l a y  i n  t h e  management o f  t h e  e n v i r o n m e n t .  Due t o  
t h e  low l e v e l s  commonly met in  e n v i r o n m e n t a l  sam ples  and 
t h e  c o m p l e x i t y  o f  t h e  sam ple  m a t r i c e s ,  e n v i r o n m e n t a l  
a n a l y s i s  i s  v e r y  demanding.  The r e q u i r e m e n t s  f a r  
a c c u r a c y ,  p r e c i s i o n ,  s p e c i f i c i t y  and s e n s i t i v i t y ,  a r e  
w e l l  known and t h e  d e g re e  o f  each r e q u i r e d  w i l l  depend on 
t h e  a n a l y s i s  i n  hands methods s h o u ld  a l s o  be p r o p e r l y  
v a l i d a t e d .  In  a d d i t i o n  t o  t h e s e  f a c t o r s ,  good p l a n n i n g  
and a d e q u a te  q u a l i t y  a s s u r a n c e  s h o u ld  be i n c o r p o r a t e d  
i n t o  any a n a l y t i c a l  e x e r c i s e  i n c l u d i n g  t h e  use o f  b l a n k s  
and t h e  j u d i c i o u s  use o f  s t a t i s t i c a l  methods t o  e v a l u a t e  
t h e  r e s u l t s  -C311. The p r i n c i p l e s  o f  e n v i r o n m e n t a l
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a n a l y s i s  have  been c l e a r l y  s e t  o u t  by K e i t h  e t  a l ,  { 3 2 } .
W i th  p a r t i c u l a r  r e g a r d  t o  t h e  a n a l y s i s  o f  sam ples  f o r  
r e s i d u e s  o f  OCRs and RGBs, s e v e r a l  f a c t o r s  must be
c o n s i d e r e d .  As a g e n e r a l  " r u l e  o f  thum b",  r e c o v e r i e s  of  
r e s i d u e s  s h o u ld  be g r e a t e r  th a n  807. { 3 3 } .  D i f f i c u l t i e s
can be e n c o u n t e r e d  i f  s e v e r a l  r e s i d u e s  a r e  t o  be
d e t e r m in e d  s i m u l t a n e o u s l y  (a  m u l t i - r e s i d u e  a n a l y s i s )  
s i n c e  s e l e c t i v i t y  between a n a l y t e s  becomes an i s s u e ;  t h i s  
i s  p a r t i c u l a r l y  a p p a r e n t  i n  t h e  case  o f  F'CBs. As has been 
m ent io ned  p r e v i o u s l y ,  t h e  most m e a n in g f u l  RGB d a t a  a r e  
congener— s p e c i f i c  d a t a ;  " t o t a l  F'CB" a n a l y s e s  a r e  of
l i t t l e  v a l u e  f ro m  t h e  p o i n t  o f  v ie w  o f  t h e  t o x i c o l o g i s t  
and t h i s  i s  f u r t h e r  a g g r a v a t e d  by t h e  i n c o m p a r a b i l i t y  of  
d a t a  produced by d i f f e r e n t  " t o t a l  RGB" methods.
T u r n i n g  s p e c i f i c a l l y  t o  human m i l k  s a m p le s ,  t h e  r e s i d u e  
a n a l y s t  i s  f a c e d  w i t h  a complex m a t r i x  c o n t a i n i n g  s e v e r a l  
□CP and RGB r e s i d u e s  v a r y i n g  o v e r  ab o u t  two o r d e r s  o f
m ag n i tu d e  o f  c o n c e n t r a t i o n  a t  t h e  low p a r t s - p e r - b i 1 1 ion
( p a r t s  i n  10 ,:?> t o  p a r t s - p e r - t r i  11 io n  ( p a r t s  i n  1G13B) 
l e v e l .  The a n a l y s i s  o f  human m i l k  sam ples  f o r
or  g an oc h 1 or  i n e r  es i d ues c a l l s  f  o r  e f f  i  c i e n  t  ex t  r  ac t  i on
and c l e a n - u p  p r o c e d u r e s .  The s e l e c t i v i t y  between a n a l y t e s  
(and any c o - e x t r a c t e d  i n t e r f e r e n c e s )  may be a t t a i n e d  by 
f r a c t i o n a t i o n  o r  t h e  use o f  h ig h  r e s o l u t i o n  
ch ro m a to g ra p h y  w i t h  s e l e c t i v e  d e t e c t i o n .  The method of  
d e t e c t i o n  must a l s o  be v e r y  s e n s i t i v e .  In  v ie w  of  t h e s e
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■ fa c to rs ,  t h e  mass s p e c t r o m e t e r  has g a in e d  in  p o p u l a r i t y  
as a d e t e c t o r  on ac c o u n t  o-f i t s  s e l e c t i v i t y ,  s e n s i t i v i t y  
and w ide  l i n e a r  dynamic r a n g e .  Much work hasr> gone i n t o  
i m p ro v in g  t h e  s e n s i t i v i t y  and s p e c i f i c i t y  o f  t h e  mass 
s p e c t r o m e t e r  in  t h i s  r o l e  and t e c h n i q u e s  such as n e g a t i v e  
ion  c h e m ic a l  i o n i s a t i o n  show p r o m is e .  A n o th e r  f a i r l y  
r e c e n t  means o f  i n c r e a s i n g  s e n s i t i v i t y  when u s in g  
c a p i l l a r y  GC a n a l y s e s  i s  t h e  use o f  a l a r g e  i n j e c t i o n  
volume w i t h  a r e t e n t i o n  gap.  ,
The mass s p e c t r o m e t e r  as  a s e l e c t i v e  d e t e c t o r  t o g e t h e r  
w i t h  t h e  h ig h  e f f i c i e n c y  o f f e r e d  by c a p i l l a r y  GC columns  
p r o v i d e s  a s o l u t i o n  t o  t h e  d a u n t i n g  t a s k  o f  c o n g e n e r -  
s p e c i f i c  a n a l y s i s  and c a p i l l a r y  GC-MS i s  e n t i r e l y  c a p a b l e  
of  p r o v i d i n g  a c o m p le te  209  congener— s p e c i f i c  a n a l y s i s .  
I d e a l l y ,  t h i s  would make use  o f  s t a n d a r d s  f o r  a l l  209  PGE< 
c o n g e n e rs  b u t  an e f f e c t i v e  a l t e r n a t i v e  t o  t h i s  i s  t o  use  
s u r r o g a t e  PCD s t a n d a r d s ,  one f o r  each l e v e l  o f  
c h l o r i n a t i o n .  T h i s  app ro ach  g i v e s  s a t i s f a c t o r y  
q u a n t i t a t i v e  r e s u l t s  and r e d u c e s  t h e  number of  s t a n d a r d s  
r e q u i r e d  t o  t e n  (o r  l e s s )  and a l s o  r e d u c e s  t h e  amount o f  
d a t a  t o  be h a n d le d .
A n o th e r  u n iq u e  a d v a n ta g e  o f  t h e  mass s p e c t r o m e t e r  i s  t h e  
o p p o r t u n i t y  f o r  u s in g  i s o t o p i c a l l y  l a b e l l e d  s p i k i n g  
s t a n d a r d s  f o r  r e c o v e r y  s t u d i e s .
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Qr g an oc h 1 o r  1 n es i n Human M i 1 k -
Thg - f i r s t  r e p a r t  o f  o rgan ach  1 a r i n e  
m i l k  was made by Laug e t  a I , i n  1931 
w o r k e r s  a n a ly s e d  t h e  m i l k  o f  32  
A m e r ic a n  women f rom  t h e  g e n e r a l  
DC, USA and found t h e i r  m i l k
ppb (w h o le  m i l k  b a s i s )  DDT. 
e v i d e n c e  t h a t  o r g a n o h a lo g e n s  
m i l k .  In  t h e  
p e s t i c i d e  r e s i d u e s  
i n c l u d i n g  s e v e r a l  
e s t a b l i s h e d  t h a t  
m i l k  and was t r a n s f e r r e d  
n a t i o n w i d e  e p i d e m i o l o g i c a l  
d u r i n g  1 9 7 5 / 6  C34> and a 
c o n d u c te d  i n  t h e  UK 
t h a t  many OCR r e s i d u e s  
l i m i t s ,  f o r  ex amp1e , 
summed c o n c e n t r a t i o n  
44 ng ml"'"1 on a 
c o n c e n t r a t i o n  f o r  
w h o le  m i l k  b a s i s ,  
m i l k / k g  body w e i g h t / d a y ,  
an i n f a n t  wou1d r e c e i  ve  
p , p ' -DDE and 0 . 3  
f o r  t o t a l  DDTs (DDT + DDE 
t h a t  f o r  d i  e l  d r  in  i s  0 . 1  ;..ig
c o n t a m i n a t i o n  o f  human 
•C 3 > . L a u g a n d c o -  
n o r m a l , h e a l t h y ,  b l a c k  
popul  a t  i  on i n Wash .i. ng ton  
c o n t a i n e d  an a v e r a g e  o f  130  
T h i s  was t h e  f i r s t  c I  e a r  
c o u ld  a c c u m u la te  i n  human 
t h e  i n c r e a s e d  c o n cern  abo ut  
around t h e  w o r ld  
i t  became f i r m l y  
i n  human 
A f u r t h e r  
USA
n a t i o n w i d e  s t u d y  was 
•C353-. I t  was found  
exceed FAQ/WHO ADI 
s tu d y  found t h e  mean 
p , p ' - D D E  t o  be around  
t h e  mean 
~1 on a 
consumes 150 ml 
t h a t  on a v e r a g e ,  
- 1 p , p ' -DDT + 
d i  e l  d r i  n . The FA0/WH0 ADI 
TDE) i s  20/-IQ kg- 1  d a y " 1 and 
kg” 1 day""1 . I t  can be seen
e a r l y  19 6 0 s ,
prompted many s t u d i e s  
on human m i l k  and 
o r g a n o c h l o r i  nes b i  o a c c u m u la te d  
t o  s u c k l i n g  i n f a n t s ,  
s t u d y  was co n d u c ted  in  t h e  
s m a l 1e r  
d u r i n g  1 9 7 9 /8 0  
would o f t e n  
t h e  1 9 7 9 / 8 0  UK « 
f o r  p , p ' -DDT + 
w hole  m i l k  b a s i s  and 
d i e ! d r i n  t o  be around 2 ng ml' 
Assum i n g an i n f  an t  
t h i s  would mean 
6 . 6  Mg kg” 1 day" 
jug kg'"1 d a y ” 1
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t h a t  dieldrin r e s i d u e  l e v e l s  exceed t h e  l i m i t s .  S i m i l a r  
c a l c u l a t i o n s  on t h e  UK d a t a  f o r  RGBs and HCB r e v e a l  a 
t o t a l  RGB c o n s u m p t io n  o f  a b o u t  3 pg kg” 1 d a y ” 1 and a 
t o t a l  HCB co n su m p t io n  o f  a b o u t  0 . 6  pg kg- 1  d a y ” 1 by t h e  
i n f a n t .  A t e m p o r a r y  FAQ/WHO ADI o f  0 . 6  pg k g " 1 d a y " 1 was 
s e t  f o r  HCB i n  197 4 .  No FAD/WHO l i m i t  has been s e t  f o r  
RGBs b u t  a l i m i t  o f  1 pg k g " 1 day"'1 has been s u g g e s te d  
£8,  9> .  The t o x i c o l o g i c a l  s i g n i f i c a n c e  o f  t h e s e  r e s u l t s  
i s  n o t  known. The c o n s u m p t io n  f i g u r e s  a r e  o f  a s i m i l a r  
o r d e r  o f  m a g n i tu d e  as t h e  ADIs  and ADIs  i n c o r p o r a t e  a 
c o n s i d e r a b 1e s a f e t y  m a r g i n . F u r t h e r m o r e ,  ADIs  a r e  based  
on t h e  i d e a  t h a t  such q u a n t i t i e s  can be consumed d a i l y  
f o r  l i f e  w i t h o u t  a p p r e c i a b l e  r i s k .  However ,  t h e  e f f e c t s  
of  consuming t h e s e  q u a n t i t i e s  o f  s e v e r a l  r e s i d u e s  
t o g e t h e r  a t  such a c r u c i a l  s t a g e  i n  human d e v e lo p m e n t  
does mean t h a t  t h e  p o s s i b i l i t y  o f  c h r o n i c  t o x i c i t y  s h o u 1d 
not  be d i s m is s e d  o u t  o f  hand { 3 6 } .  A c o m p re h e n s iv e  r e v i e w  
of  t h e  c h e m ic a l  c o n t a m i n a t i o n  o f  human m i l k  has been  
p u b l i s h e d  by A .A .  Jensen { 3 7 } .
I t  has been o b s e r v e d  t h a t  d i f f e r e n t  RGB c o n g e n e rs  e x h i b i t  
v a r y i n g  t e n d e n c i e s  t o  b i  oaccumu1 a t e  i n human m i1 k { 3 8 ,  
39> and a 2 , 4 , 4 ' , 5  s u b s t i t u t i o n  p a t t e r n  w i t h i n  t h e  
o v e r a l l  c h l o r i n a t i o n  p a t t e r n  seems t o  be v e r y  s t a b l e  
w i t h i n  t h e  human body .  F u r t h e r m o r e ,  c e r t a i n  c o n g e n e rs  
c on t  a i n i  ng t h  i s p a t t e r n  wh i  c h h ave  been i d e n t  i  f  i ed i  n 
human m i l k  (RGBs 118 and 156)  ap p e a r  t o  e l i c i t  some t o x i c  
e f f e c t s  o f  t h e  R—448 enzyme i n d u c i n g  t y p e ,  i . e .  e f f e c t s
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q u a l i t a t i v e l y  ( tho ugh  n o t  q u a n t i t a t i v e l y )  s i m i l a r  t o
2 , 3 , 7 ,  B-TCDD -C393- . These , and o t h e r  congener  s i d e n t  i f  i ed 
i n  human m i l k  ( l i k e  RGBs 157 and 189) -C393- a r e  m o n o -o r th o
c h i  o r  o -  an a 1 og ues o f  t h e  c o -p  1 an a r  , n on - o r  t  h o sub s t  i t  u t  ed 
RGBs which a r e  t h e  most t o x i c  co n g e n e rs  known £ 1 3 } .  These  
m o n o -o r th o  d e r i v a t i v e s  t e n d  t o  show mixed enzyme  
i n d u c t i o n  p r o p e r t i e s  -C13, 253- and -for t h e s e  r e a s o n s ,  RCBs 
118 ,  156 ,  157 ,  and 189 w ere  chosen as t a r g e t  a n a l y t e s  f o r  
t h i s  p r o j e c t .  RGB 169 was a l s o  i n c l u d e d  on a cc o u n t  o f  i t s  
h ig h  t  ox i c i t  y an d l i p  op h i l i c i t y ,  a l t h  oug h no RGB 169 was 
e x p e c t e d  (o r  fo u n d )  i n  t h e  human m i l k  sam ples  a n a ly s e d  
(see  S e c t i o n  7 ) .
Because t o x i c  RGB c o n g e n e r s  a c c u m u la te  i n  human m i l k ,  
P a r k in s o n  e t  a i .  -C403- a r t i f i c i a l l y  r e c o n s t r u c t e d  t h e  
p a t t e r n  o f  RGB c o n g e n e r s  -found i n  Jap anese  human m i l k  
sam ples  and t e s t e d  t h e  AHH i n d u c i n g  p r o p e r t i e s  of  t h e  
m i x t u r e .  They fo u n d  t h e  ed50 t o  be a p p r o x i m a t e l y  seven  
t i m e s  lo w e r  th a n  t h e  ED5Q v a l u e  f o r  K a n e c h lo r  5 0 0 .  T h i s  
l e d  them t o  s u g g e s t  t h a t  ADIs  s e t  u s in g  t o x i c i t y  d a t a  
produced by t e s t s  on c o m m erc ia l  m i x t u r e s  s h o u ld  be r e -  
e v a l u a t e d .
Concern o v e r  t h e  c o n t a m i n a t i o n  o f  human m i l k  prompted  
some West German e x p e r t s  t o  s u g g e s t  t h a t  b r e a s t  f e e d i n g  
s h o u ld  n o t  c o n t i n u e  beyond t h e  f o u r t h  month p o s t -p a r tu r n  
-C413-. The e x p e r t s  r e c o g n i s e d  t h a t  t h e  b e n e f i t s  o f  b r e a s t  
f e e d i n g  f a r  o u t w e ig h  any r i s k s  a s s o c i a t e d  w i t h  t h e  i n f a n t
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i n g e s t i n g  m i l k  c o n ta m i n a t e d  a t  u su a l  l e v e l s .  However ,  
a f t e r  t h e  f  o u r t h  month , a l t h o u g h  t h e  r  i sks  a s s a c i a t e d  
w i t h  consuming b r e a s t  m i l k  do no t  seem t o  i n c r e a s e ,  t h e  
ben e - f i t s  which a c c r u e  f ro m  b r e a s t  - feeding te n d  t o  
d e c r e a s e .  C o n s e q u e n t ly ,  t h e  r i s k / b e n e f i t  r a t i o  becomes 
1 ess  f  a v o u r a b 1e .
The o v e rw h e lm in g  v iew  o f  most i n v e s t i g a t o r s  i s  t h a t  t h e  
l e v e l s  o f  c o n t a m i n a n t s  r o u t i n e l y  found i n  human m i l k  in  
d e v e lo p e d  c o u n t r i e s  do n o t  g e n e r a l l y  p r e s e n t  a s e r i o u s  
t h r e a t  t o  t h e  h e a l t h  o f  b r e a s t - f e d  i n f a n t s  and t h e  
b e n e f i t s  o u tw e ig h  any r i s k s  -C42, 433-. However ,  i t  seems a 
common v ie w  t h a t  more t o x i c o l o g i c a l  i n v e s t i g a t i o n s  i n t o  
t h e  e f f e c t s  o f  o r g a n o c h l o r i n e  c o n t a m i n a n t s , p a r t i c u l a r 1y 
i n d i v i d u a l  PCB c o n g e n e r s ,  s h o u ld  be c o n d u c te d .  The 
e f f e c t s  o f  c o - a d m i n i s t r a t i o n  o f  s e v e r a l  o r g a n o c h l o r i n e  
c o n t a m i n a n t s  a l s o  needs t o  be c o n s i d e r e d .
The p r o c e s s  o f  r i s k  assessm ent  i n  t h i s  f i e l d  i s  v e r y  
d i f f i c u l t  because o f  t h e  w id e  v a r i a t i o n  i n  t h e  t y p e  and 
d e g re e  o f  m i l k  c o n t a m i n a t i o n .  The p ro b lem  i s  compounded 
by t h e  f a c t  t h a t  no c o n t r o l  p o p u l a t i o n  i s  a v a i l a b l e  f o r  
co m p a r is o n .  D e s p i t e  t h e  o b s t a c l e s ,  r i s k  assessm ent  i s  an 
a r e a  o f  a c t i v e  r e s e a r c h .
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1 , 7 .  Scope of  t h i s Thes i s .
R e search  i s  s t i l l  needed i n t o  im p ro v in g  a n a l y t i c a l  
t e c h n o l o g y  a s s o c i a t e d  w i t h  e n v i r o n m e n t a l  r e s e a r c h  w i t h  a 
v ie w  t o  e n h a n c in g  r e l i a b i l i t y  and u l t i m a t e l y  c l o s i n g  t h e  
gap between a n a l y t i c a l  d a t a  and t h e i r  t o x i c o l o g i c a l  
i n t e r p r e t a t i o n .  In  t h i s  c o n t e x t ,  N o r to n  N e lson  of  New 
York U n i v e r s i t y  has s a i d  -C44>: "T h e re  has been a most
r e m a r k a b l e  improvem ent  i n  t h e  s e n s i t i v i t y  and s p e c i f i c i t y  
of  t h e  a n a l y t i c a l  methods f o r  t h e s e  C p o ly h a lo g e n a te d  
a r o m a t i c !  compounds o v e r  t h e  l a s t  20  y e a r s .  I t  i s  
u n f o r t u n a t e  t h a t  some o f  t h e s e  t e c h n i q u e s  were no t  
a v a i l a b l e  e a r l i e r  f o r  more r e f i n e d  a n a l y s e s  o f  t h e  human 
ex p o s u re s  ( e s p e c i a l l y  t o  t h e  d i o x i n s ) ;  t h i s  c o u ld  have  
made s t u d i e s  o f  t h o s e  e x p o s u r e s  more r e w a r d i n g .  Of a l l  
a s p e c t s  i n  t h i s  d i f f i c u l t  f i e l d ,  i t  i s  p e rh a p s  in  t h e  
f i e l d  o f  a n a l y t i c a l  t e c h n i q u e s  t h a t  t h e  most p r o g r e s s  has  
been made. T h e r e  i s ,  n e v e r t h e l e s s ,  room f o r  improvement  
by r e f i n e m e n t ,  s i m p l i f i c a t i o n  and c o s t  r e d u c t i o n  o f  
a n a l y t i c a l  p r o c e d u r e s .  O n ly  a l i m i t e d  number o f  
l a b o r a t o r i e s  can now u n d e r t a k e  t h e s e  h i g h l y  s p e c i a l i z e d  
a n a l y t i c a l  t e c h n i q u e s .  W ider  a v a i l a b i l i t y  o f  r e f i n e d  and 
s i mp1 i f i  ed t  ec h n i  ques wonId be a d e c i  d ed ad v a n t  ag e . "
Met hod s o f  an a 1ys i s  f  o r  o r  g an oc h 1 o r  i ne r e s  i dues i n h uman 
m i l k  can g e n e r a l l y  be b ro ke n  down i n t o  t h e  t h r e e  
p r i n c i p a l  a r e a s  o f  e x t r a c t i o n ,  c l e a n - u p  and q u a n t i t a t i v e  
d e t e r  m i n a t  i  o n . Af t e r  d esc r  i b i  n g t  h e syn t  h es  i s and
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i s o l a t i o n  o f  s e l e c t e d  PCB con g en ers  f o r  use as a n a l y t i c a l  
s t  a n d a r d s , each o f  t  h e t  h r  ee a r  eas i  s d e a 11 w i t  h i n t  u r  n - 
I n d i v i d u a l  s e c t i o n s  b r o a d l y  c o m p r is e  an i n t r o d u c t i o n  t o  
t  h e t o p i c  f o i l  owed by e x p e r  i  ment a 1 d e t a  i 1s o f  t  h e 
r e s e a r c h  and d e v e 1opment work u n d e r t a k e n , t h e  r e s u 11s  
and a d i s c u s s i o n .  I t  i s  hoped t h a t  t h i s  f o r m a t  w i l l  
e n a b l e  t h e  r e a d e r  t o  see each p a r t  o f  t h e  work i n  i t s  own 
c on t  e x t  and more r  ead i 1y f o l l o w  t h e  l o g i c  a 1 d e v e 1 op men t  
of  t h e  methods.  The p e r f o r m a n c e  o f  t h e  new m ethodo logy  
was assessed  by a p p l y i n g  t h e  new p r o c e d u r e s  t o  s p ik e d  
sam ples  and u l t i m a t e l y  t o  a c t u a l  human m i l k  sam ples .
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2 .  SYNTHESIS, ISOLATION AND CONFIRMATION   0F_ ID ENT IT Y  OF
I n t r o d u c t i  o n .
An i n v e s t i g a t i o n  o f  com m erc ia l  s o u rc e s  r e v e a l e d  t h a t  l e s s  
t h a n  h a l f  o f  t h e  209  PCD con g en ers  were c o m m e r c i a l l y  
a v a i l a b l e ,  and t h e s e  were t o o  es;-;pensive t o  p u r c h a s e .  In  
v ie w  o f  t h i s ,  i t  was n e c e s s a r y  t o  r e s o r t  t o  i n - h o u s e  
s y n t h e s i s  of  t h e  ch i  o r o b i  p h e n y l s  s e l e c t e d  f o r  c o n g e n e r -  
s p e c i f i c  a n a l y s i s .  Due t o  t h e i r  proposed t o x i c i t y  (see  
S e c t i o n  1 . 6 . )  and t h e i r  d e t e c t i o n  i n  human m i l k  ( e x c e p t  
PCD 169) -C39} RGBs 118 ,  156 ,  157 ,  169 and 189 were
s i n g l e d  o u t  as t a r g e t  a n a l y t e s .
The v a r i o u s  a p p ro a c h e s  t o  PCB s y n t h e s i s  t h a t  were  
c o n s id e r e d  a r e  b r i e f l y  o u t l i n e d  be low t o g e t h e r  w i t h  t h e  
c l e a n - u p , i s o l a t i o n  and i d e n t i t y  c o n f i r m a t i o n  p r o c e d u r e s  
t  h a t  wer e emp1o y e d .
2 . 2 .  S y n t h e t i c  M e th o d o lo g y .
S y n t h e t i c  methods f o r  t h e  p r e p a r a t i o n  o f  c h i  o r o b i  p h e n y ls  
g e n e r a l l y  f a l l  i n t o  two c a t e g o r i e s !  i )  r e p l a c e m e n t  w i t h  
c h l o r i n e  o f  f u n c t i o n a l  g roups  a l r e a d y  a t t a c h e d  t o  a 
b i p h e n y l  n u c le u s  and i i )  c o u p l i n g  o f  two c h i o r o b e n z e n o i d  
s t r u c t u r e s  t o  p rodu ce  c h i o r o b i p h e n y l  s .
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R e p la cem ent  r e a c t i o n s  i n c l u d e :
1) The Sandmeyer r e a c t i o n  s t a r t i n g  w i t h  an 
a m i n o c h l o r o b i p h e n y l  , - for exam ple:
2) D e a m in a t io n  r e a c t i o n  ( i . e .  r e p l a c e m e n t  o f  an 
amino f u n c t i o n  w i t h  h yd ro gen )  f o r  examples
1) Aqueous 
D ia z o tis a tlo n
3)  For  d e c a c h l o r o b i p h e n y l , p e r c h l o r i n a t i o n  u s in g  
an t im o n y  p e n t a c h l o r i d e s
Cl
l) SbCIi
2) Heat -*■ Cl
Cl.
C o u p l in g  r e a c t i o n s  i n c l u d e s
1) The U l lm a nn  r e a c t i o n ,  f o r  examples





2)  The Gomberg-Hey r e a c t i o n ,  -for exam ple :
Ag. d ia z o tis a tlo n  
(Gomberg-Hey)  ►
Liquid  Clx Cly
a t  room temp.
“Cl(Excess) y
3)  Cadogan c o u p l i n g  { 4 5 ,  46 }  , fo r .  exam ple :
Isopenty l 
n i t r i t e  .
n h 2 —=------------ ►
120 c c r x y \ t ''“d18-24 hr s . U,X C ,y
'C,y(Excess) 9
For  t h e  c h i o r o b i p h e n y l s  r e q u i r e d ,  n e i t h e r  t h e  Sandmeyer  
r e a c t i o n  n o r  t h e  d e a m i n a t i o n  o f  a m i n o c h l o r o b i p h e n y l s  was 
u s e f u l  due t o  t h e  d i f f i c u l t y  i n  o b t a i n i n g  a p p r o p r i a t e  
s t a r t i n g  m a t e r i a l s .  The U l lmann r e a c t i o n  l e a d s  t o  
s y m m e t r ic a l  c h i o r o b i p h e n y l s  and s i n c e  o n l y  one o f  t h e  
d e s i r e d  compounds i s  s y m m e t r ic a l  (PCB 169)  t h i s  r o u t e  was 
n o t  c o n s i d e r e d  f u r t h e r .  The Gomberg-Hey r e a c t i o n ,  on t h e  
o t h e r  h an d ,  c o u ld  have  been u s e f u l ,  b u t  t h e  method  
r e q u i r e s  t h e  r e a c t i o n  m i x t u r e  t o  be l i q u i d  a t  room 
t e m p e r a t u r e  { 4 7 } .  S i n c e  a l l  bu t  one o f  t h e  c h i o r o b e n z e n e s  
used f o r  t h e  s y n t h e s e s  a r e  s o l i d s  a t  room t e m p e r a t u r e  and 
a l l  o f  them a r e  i n s o l u b l e  i n  t h e  aqueous d i a z o t i s a t i o n  
m i x t u r e ,  t h i s  r e a c t i o n  c o u ld  no t  be c a r r i e d  o u t .
The s y n t h e t i c  method t h a t  was f i n a l l y  a d o p te d  was t h a t  o f
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Cadogan c o u p l i n g .  T h i s  i s  a s i n g l e  s t e p  n on -aq ueous  
d i a z o t i s a t i o n  method w h ich  r e q u i r e s  t h e  use o f  e l e v a t e d  
t e m p e r a t u r e s  b u t  no a d d i t io n a l  s o l v e n t  medium. Under t h e s e  
c o n d i t i o n s ,  t h e  r e a c t i o n  m i x t u r e  i s  l i q u i d .  An a l k y l  
n i t r i t e  i s  used as t h e  d i a z o t i s i n g  a g e n t .  The r e a c t i o n  
i n v o l v e s  -f r e e - r a d i  c a l  i n t e r m e d i a t e s  and t h e  - f o l l o w i n g  
p o s s i b l e  mechanism may be p roposed:
2 . 2 . 1 .  Cadogan c o u p l i n g  a p o s s i b l e  mechanism
24
The abo ve  d ia z o n iu m  h y d ro x id e  may n o t  decompose t o  a 
d ia z o n iu m  io n  in  a non -aq ueous  e n v iro n m e n t  and i t  may be  
s p e c u la t e d  t h a t  r a d i c a l s  a r e  -formed d i r e c t l y :
The c h lo r o p h e n y l  r a d i c a l  so form ed can th e n  c o u p le  t o  t h e  
c h lo r o b e n z e n e ,  w h ich  i s  p r e s e n t  i n  e x c e s s ,  t o  fo rm  t h e  
c h l o r o b i p h e n y l :
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As w i l l  be s e e n ,  t h e  r e a c t i o n  g i v e s  r i s e  t o  many by­
p r o d u c t s  and F i l l i p i  e t  a i .  C483- w o r k in g  w i t h  
a m i n o p y r i d i n e s  as t h e  a r o m a t i c  amines and t o l u e n e  as t h e  
s u b s t r a t e ,  examined t h e  s t r u c t u r e s  and r e l a t i v e  
p r o p o r t i o n s  o f  t h e  b y - p r o d u c t s  -formed by t h i s  t y p e  of  
r e a c t i o n .  The b y - p r o d u c t s  formed i n  h i g h e s t  c o n c e n t r a t i o n  
were found  t o  be a m i n o b i a r y l s ,  d i a r y l a m i n e s  and 
d i a r y l t r i a s e n e s .  The l a t t e r  would p r o b a b l y  decompose a t  
t h e  e l e v a t e d  t e m p e r a t u r e s  used f o r  F’CB s y n t h e s i s  and 
t h e r m a l  d e c o m p o s i t io n  o f  such t r i a z e n e s ,  which a r e  
produced  by s e l f - c o u p l i n g  o f  t h e  a r o m a t i c  a m in e ,  would  
produ ce  two r a d i c a l s  -C48>s
RADICAL II RADICAL III
I t  can be seen t h a t  r a d i c a l  I I I  i s  t h e  same as t h a t  
produced by d i r e c t  d e c o m p o s i t io n  o f  t h e  d ia z o n iu m
h y d r o x i d e  ( s t r u c t u r e  I )  and so t h e  c h l o r o a r y l  r a d i c a l
r e q u i r e d  f o r  c o u p l i n g  t o  t h e  excess  c h i o r o b e n z e n e  t o  form
t h e  PCB can a l s o  be produced v i a  t h i s  t r i a z e n e
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i n t e r m e d i a t e .  U n f o r t u n a t e l y ,  decom pos i ton  o f  t h e  t r i a z e n e  
a 3. so 1 ead s t o  t  he unwan t  ed r  ad i c a 1 I I  wh i ch r  e a c t s  t o  
fo rm  b y - p r o d u c t s .
As can be seen f ro m  t h e  mechanism, r e g a r d i n g  t h e  
c h 1 or  o a n i 1 i ne d e r i v e d  r i n g ,  t h e  b ip h e n  y 1 b r  i d ge f  or  ms 
where t h e  amino f u n c t i o n  was o r i g i n a l l y  p ia c e d  and so t h e  
p o s i t i o n s  o f  t h e  c h l o r i n e s  w i t h  r e g a r d  t o  t h e  b ip h e n y l  
b r i d g e  c an b e con t  r  o i l e d  i n t  h e c h i  o r  oan i l l n e  d e r  i ved 
r i n g .  On t h e  o t h e r  hand,  t h e  a t t a c k  by t h e  c h i o r o a n i 1 i n e  
d e r i v e d  r a d i c a l  can t a k e  p l a c e  a t  any u n s u b s t i t u t e d  
p o s i t i o n  on t h e  c h i o r o b e n z e n e  and so any c h i o r o b e n z e n e  
wi t h  unequ i v a 1e n t  hyd ro g en s  w i 11 g i ve r  i se t o  a mi x t u r e  
of  p r o d u c t s .  For  some c h i o r o b i p h e n y l  c o n g e n e r s ,  t h i s  i s  
u n a v o i d a b l e  and as a g e n e r a l  r u l e ,  t h e  r i n g  w i t h  t h e  
h i g h e s t  number o f  u n e q u i v a l e n t  h yd ro g en s  sh o u ld  be 
p r o v i d e d  by t h e  c h i o r o a n i 1 i n e  and c o n s e q u e n t l y ,  t h e  r i n g  
w i t h  t h e  most e q u i v a l e n t  hyd ro gens  sh o u ld  be s u p p l i e d  by 
t h e  c h i o r o b e n z e n e .  T h i s  w i l l  e n s u r e  t h e  minimum number of  
c h i o r o b i p h e n y l  p r o d u c t s  and so t h e  y i e l d  o f  t h e  d e s i r e d  
compound( s ) sh o u Id  be h ig h  e r  and t  he i s o 1 a t  i on p r  oc ed ur  e 
s i mp1e r .
2m_2, 2_. Synthetic procedures.
For t h e  s y n t h e s i s  of  RGBs 118 ,  156 ,  157 ,  169 ,  109 by
Cadogan c o u p l i n g  i t  was n e c e s s a r y  t o  c a r r y  ou t  f o u r  
r e a c t i o n s  and i n  each c a s e ,  t h e  p r o c e d u r e  o f  M u l l  i n  e t
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a 1 „ -C461 was - fo l lo w e d .  The t h r e e  r e a c t a n t s  in  each o f  t h e  
r  e a c t  i a n s w e r  e i ) a c l'"i l o r o  a n i 1 i  n e , i i ) a c h 1 o r  o to e n z e n e 
and i i i ) i sop e n t  y 1 n i t r i t e  as t  h e d i a z o t i s i n g  a g e n t . The 
i d e n t i  t i  es and amounts o f  each companent i n  each o f  t h e  
•four r e a c t i o n s  and t h e  c o n g e n e rs  produced i s  g i v e n  in  
T a to 3. e 1. R e a g e n t  s were a 13. u s e d a s r  e c e i v e d .
Exp e r i  men t a l  p_rocedure.
For  each r e a c t i o n ,  t h e  p r o c e d u r e  g i v e n  be low was 
f o l l o w e d :  The c h i o r o a n i 1 i n e  and t h e  c h i o r o b e n z e n e  were  
w eighed o u t  and p la c e d  in  a t h r e e - n e c k e d  100 ml r o u n d -  
to o11 omed f 1 as k . A wat e r  con d en s e r  was p 1 aced i n t  h e 
c e n t r a l  neck and a m e r c u r y - i n - g l a s s  th e rm o m e te r  was 
p l a c e d  i n  one of  t h e  s i d e  ne c k s .  The t h i r d  neck was 
s t o p p e r e d  and was used as an acc ess  p o r t  f o r  t h e  
s u to s e q u e n t  i n t  r  o d u e t  i o n o f  t  h e i s o -  p e n t  y 1 n i t  r  i t  e . T h e 
c h i o r o a n i 1 i n e  and c h i o r o b e n z e n e  were h e a t e d ,  w i t h  
s t i r r i n g ,  t o  between 120“ and 130“ C u s in g  a 
t  h e r  most a t  i c a 11y con t r o l l e d  o i l  to a t h . At t  h i s
t  e mp e r  a t  u r e ,  t  he c on t e n  t  s o f  t  h e f 1 as k wer e 1 i  qui d and 
t h e  i s o - p e n t y l  n i t r i t e  was th e n  added d r o p w is e  o v e r  a 
p e r  :i. o d o f  o n e h o u r . T h e r  e a c t  i o n m i x t  u r  e w a s m a i n t  a i  n e cl 
a t  t h i s  t e m p e r a t u r e ,  w i t h  s t i r r i n g ,  f o r  ab o u t  20 h o u rs .  
A f t e r  t h i s  t i m e ,  t h e  c o n t e n t s  of  t h e  f l a s k  were a l lo w e d  
t o  coo l  and s o l i d i f y .  In  each of  t h e  f o u r  c a s e s ,  t h e  
c o n t e n t s  o f  t h e  f l a s k  were a deep red-torown c o l o u r  due t o  
t h e  p r o d u c t i o n  o f  s e v e r a l  c o l o u r e d  b y - p r o d u c t s .
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Table 1. Id e n t i t i e s ,  quant i t ies ,  sources, grades and lo t  
numbers o-f reactants employed in FCB syntheses.




n i t r i t e
Product Structures
97+118 2 , 4 , 5 - t r i  ch1oro- 1,2-d ich ioro­ 40 mmol=
an i l in e benzene 5.6  ml
25 mmoi=4.91g 250 mmol=36.75g Aldrich
Aldrich Aldrich 977.. Lot
Tech. grade 
Lot 72597
987.. Lot 69877 60781
156 3 ,4 -d ich loro - 1, 2 , 3 , 4 - t e t r a - 20 mmol=
an i l ine chlorobenzene 2 .8  ml
12 mmol=i.94g 130 mmol=28.01g Aldrich
Aldrich Aldrich 977.. Lot
987.. Lot 63324 987.. Lot 66573 60781
157+169 3 , 4 , 5 - t r i  chioro- 1, 2 ,3 - t r ic h lo r o - 40 mmol=
an i l in e benzene 5 .6  ml
30 mmol=5.89g 400 mmol= 72 .58g Aldrich
Aldrich Aldrich 977.. Lot
977.. Lot 38989 977.. Lot 34467 60781
189 3 , 4 , 5 - t r i c h io r o ­ 1 , 2 , 3 , 4 - t e t r a - 40 mmol=
ani 1 ine chlorobenzene 5.6 ml
25 mmol=4.91g 266 mmol=57.37g A1drich
Aldrich Aldrich 977.. Lot







Note_:_ A11hough :i. s □ - p e n ty  1 n i  t r i t e  boi 1 s a t  9 9 c:>C , t h e  
r e a c  t i  on s ho u1d s t  i l l  t  ake p 1 ace  due t o  t h e  r e f 1u x i  ng of  
t h e  v a p o u r .  However ,  l o s s e s  may s t i l l  occ u r  on open ing  
t h e  f l a s k  i n  o r d e r  t o  i n t r o d u c e  t h e  i s o - p e n t y l  n i t r i t e .  
The e x t e n t  o f  such l o s s e s  i s  n o t  known and may a c c o u n t ,  
i n  p a r t ,  f o r  t h e  low y i e l d s  o f  RGBs o b t a i n e d .  I n t r o d u c i n g  
t h e  n i t r i t e  th r o u g h  a r u b b e r  septum may h e l p  o r ,  
a l t e r n a t i v e l y ,  u s in g  an a l k y l  n i t r i t e  w i t h  a h i g h e r  
b o i l i n g  p o i n t  may be in  o r d e r .  For  some o f  t h e  r e a c t i o n s ,  
i t  may be p r a c t i c a b l e  t o  use a lo w e r  r e a c t i o n  t e m p e r a t u r e  
wh i c h may a 1 so a f f  e c t  t h e  y i e 1d s an d t  h e i mp ur  i t  y 
p r o f  i 1es .
2 . 3 .  C l e a n - u p  and I s o l a t i o n .
The c h i o r o b i p h e n y l s  had t o  be s e p a r a t e d  f ro m  t h e  r e a c t i o n  
b y - p r o d u c t s  and ,  i n  t h e  c a s es  o f  r e a c t i o n s  p ro d u c in g  t h e  
RGB p a i r s  97 + 1 1 8  and 1 5 7 + 1 6 9 ,  t h e  c h i o r o b i p h e n y l s  a l s o  
had t o  be i s o l a t e d  f rom  each o t h e r  { 4 9 } .
2 . 3 . 1 .  RGB 156.
P r e 1 im 1n a r y c l e a n - u p .
The f i r s t  s t e p  i n  t h e  c l e a n - u p  was t h e  rem ova l  o f  t h e
I
| excess  1 , 2 , 3 , 4 - t e t r a c h l o r o b e n z e n e .  T h i s  was a c h ie v e d  by
vacuum d i s t i l l  a t  i  o n .
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The? n e x t  s t a g e  was t h e  rem ova l  o f  t h e  b y - p r o d u c t s ,  many 
of  wh i ch w ere  h i g h 1y c o l o u r e d  < an d poss i  b 1y 
c a r c i n o g e n i c ) •  I t  was known f ro m  p r e 1 i m i n a r y  s t u d i e s  t h a t  
RGBs a r  e v i r  t  ua 11 y un r e t  a i n ed by s i l i c a /  h ex an e < or  
h e p ta n e )  l i q u i d  c h r o m a t o g r a p h ic  systems ( e x c e p t  when 
c o m p l e t e l y  a n h yd ro u s  -C50>). The r e a c t i o n  p r o d u c t s  f ro m  
the? s y n t h e s i s  o f  RGB 156 ,  were  examined by TLC u s in g  a 
s i l i c a  p l a t e  ( S i l i c a  CSF^?^, Merck)  and hexane as m o b i le  
phase?. T h i s  r e v e a l e d  t h a t  t h e  p ig m e n ts  produced by t h e  
r e a c t i o n  were r e t a i n e d  by t h e  s i l i c a .  The d a r k e s t  
p ig m e n ts  (deep r e d - b r o w n )  were v e r y  s t r o n g l y  r e t a i n e d ,  
b u t  t h e  l i g h t e r  p ig m e n ts  d i s p l a y e d  much g r e a t e r  m o b i l i t y  
w i t h  t h e  l i g h t e s t  c o l o u r e d  m a t e r i a l s  ( v e r y  p a l e  y e l l o w )  
moving f a s t e s t .  RGB 156 re m a in e d  c l o s e  t o  t h e  s o l v e n t  
f r o n t .
In  v ie w  o f  t h e  TLC r e s u l t s ,  i t  was d e c id e d  t o  e f f e c t  t h e  
n e x t  s t a g e  in  t h e  c l e a n - u p  u s in g  a s i l i c a / h e x a n e  l i q u i d  
c h r o m a t o g r a p h ic  co lumn.  A g l a s s  column (52  X 300  mm) was
packed t o  a d e p th  o f  ab o u t  250 mm w i t h  s i l i c a  ( K i e s e l g e l
6 0 ,  7 0 - 2 3 0  mesh, M e rc k ,  wet  packed i n  h e x a n e ) .  The  
r e a c t i o n  p r o d u c t s  were d i s s o l v e d  i n  a minimum of  hexane  
and t r a n s f e r r e d  t o  t h e  t o p  o f  t h e  co lumn.  The column was 
e l u t e d  w i t h  hexane  and t h e  e l u a t e  was c o l l e c t e d  in  f i v e  
f  r  a c t  i o n s . The f  i  r  s t  f r a c t  io n  was t  a k en f  r  om t  h e 
beg i  nni  ng of  e l u t i  on t i l l  j u s t  b e f o r e  t h e  f  i r s t  p i  gment
e l u t e d .  Four  f u r t h e r  f r a c t i o n s ,  each of  ab o u t  100 m l ,
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were c o l l e c t e d .  The hexane  was removed f ro m  each f r a c t i o n  
u s i  ng a r a t a r y  e v a p o r a t a r . The r e s i  due f ro m  t h e  f  i r s t  
f  r  ac t  i on was wh i t  e and c r  y s t  a 11 i ne and sme 11 ed o f
1 , 2 , 3 , 4 - 1 e t  r  a c h 1 or  o b e n z e n e . T h e r  e s i d la e s f  r  o m t  h e 
r e m a i n in g  f o u r  f r a c t i o n s  r a n g e d  in  c o l o u r  -from a v e r y  
p a 1e y e l l o w  f  or  t  h e sec on d f  r  ac t i o n ,  t o  a d a r k e r  y e l l o w  
f o r  t h e  f i f t h  f r a c t i o n .  A g a i n ,  t h e  r e s i d u e s  w ere  a l l  
c r y s t a l l i n e  and t h e  e a r l i e r  f r a c t i o n s  s m e l le d  v a g u e l y  o f  
t h e  t e t r a c h l o r o b e n z e n e .
The s i l i c a  column removed most o f  t h e  c o l o u r e d  b y ­
p r o d u c t s  b u t  i t  was a p p a r e n t  (on a c c o u n t  o f  t h e  o do ur )  
t  h a t  r  e s i d la a 1 t  e t  r  a c h 1 o r  o ben zene  r  e m a i n e d i n 11") e e a r  l i e r  
f r a c t i o n s  and t h a t  a l l  f r a c t i o n s ,  save  t h e  f i r s t ,  s t i l l  
c o n t a i n e d  some p igm ented  m a t e r i  a 1.  C l e a r l y ,  f u r t h e r  
c l e a n - u p  was n e c e s s a r y  b u t  norm al  phase c h ro m a to g ra p h y  
w o la 1 d p r  o b a b 1 y no t  o f  f  e r  s la f  f i c i  e n t  s e 1 e c t  i v i t  y f  o r  
s e p a r a t i o n  o f  c h l o r o b i p h e n y l  is o m e r s  f ro m  c h i o r o b e n z e n e  
dLAe t o  t h e  l a c k  o f  r e t e n t i o n .  In  v ie w  o f  t h i s ,  r e v e r s e d -  
p hase sep a r  a t  i on s wer e i n v e s t  i g  a t  e d .
G t  a 1.1 i n g a n d hi la c k ins; -C 5 1 3 - h a v e s h o w n t  h a t  r  e t  e n t  i o n ■ a n d 
s e p a r  a t  i o n o f  P C B s c a n b e a c h i e v e d la s i n g r  e v e r  s e d -  p h a s e 
TLC w i t h  p a r a f f i n  o i l  c o a te d  k i e s e l g u h r  p l a t e s  w i t h  an 
a c e t o n i t r i 1 e / m e t h a n o l / w a t e r  m o b i le  phase .  Thus t h e  b a s i s  
f o r  r e v e r s e d - p h a s e  s e p a r a t i o n  had a l r e a d y  been  
e s t a b 1 i s h e d .
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W i t h  a v ie w  t □ t  r a n s f e r  r i  n g an y sep a r a t  i  on t a  a
p r e p a r a t i v e  s c a l e  HPLC system  w i t h  an ODS co lum n,  a
v a r  i  e t  y o f  a c e t  o n i t  r  i 1 e -  b a s e d m o b i 1 e p h a s e s w e r  e a s s e s s e d 
u s in g  RP-HPTLC p l a t e s  (R P - 1 8 ,  Fracs ,^ M e r c k ) . The s o l u t e s  
used i n t h e  RP- HPTLC ex p e r  i ment s were s
i  ) 3 , 4  -  d i c h 1 o r  o a n i 1 i n e
i  i ) 1 , 2 , 3 , 4 - t e t r a c h l o r o b e n z e n e
i i i ) M ixed Ar o c 1 or  s 1 2 4 2 ,  1248 and 1260
i v )  B ip h e n y l
v) Crude PCB 136 s y n t h e s i s  p r o d u c t s  ( b e f o r e  any c l e a n - u p )
v i ) 4 , 4 ' - d i b r o m o b i p h e n y l .
Viewed under  IJV l i g h t  (254  nm) i t  was -found t h a t
9 5 : 5 7  v / v  a c e t o n i  t r i  1 es w a t e r  gave good s e p a r a t i o n  o-f PCBs 
i n  t h e  A r o c l o r  m i x t u r e  and t h a t  w i t h  t h i s  s y s te m ,  t h e  two  
main s p o ts  in  t h e  c r u d e  PCB 156 s y n t h e s i s  p r o d u c t s  were  
w e l l  s e p a r a t e d .  The l e s s e r  r e t a i n e d  o f  t h e  two s p o t s  
c o r re s p o n d e d  t o  1 , 2 , 3 , 4 - t e t r a c h l o r o b e n z e n e  and i t  was
assumed t h a t  t h e  o t h e r  s p o t  was PCB 156 .  The R* v a l u e s  
f o r  a l l  t h e  s a l u t e s  a r e  g i v e n  i n  T a b l e  2 .
I n c r e a s i n g  w a te r  c o n t e n t  i n c r e a s e d  r e t e n t i o n  o f  PCBs as  
e x p e c t e d .  Adding v a r y i n g  amounts o f  m ethanol  t o
a c e to n  i t r  i 1e -b a s e d  mob i 1e phases  had 1 i  1 1 1e e f  f  ec t  on 
s e l e c t i v i t y .  I t  was c o n c lu d e d  t h a t  1007. a c e t o n i  t r i  l e
would g i  ve  a d e q u a te  r e t e n t  i on and good s e 1e c t  i v i  t y  
between PCB 156 and t h e  t e t r a c h l o r o b e n z e n e .  T h i s  was
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ft* v a l u e s  o b t a i n e d  -for v a r i o u s  s a l u t e s  (see  
t e x t )  on RP-HPTLC p l a t e s  u s in g  95:57 . v / v  
MeCN:water  m o b i le  phase .  S p o ts  v i s u a l i s e d  und er  
UV l i g h t  a t  254  nm.
S o l u t e R+-
3 . 4 - d  i c h 1 o r  oan i  1 i n e
1 . 2 . 3 . 4 - t e t r a c h l o r o b e n z e n e  
Mixed Ar o d o r s
B ip h e n y l
Crude PCB 156 p r o d u c t s
4 , 4 ' - d ib r o m o b i  phenyl
0 . 7 4
0 . 4 3
0 . 2 1  t o  0 . 5 4  (main s p o t s  
a t  0 . 5 1 ,  0 . 4 1  and 0 . 3 1 )
0 . 5 8
0 . 0 0  t o  0 . 6 9  ( a l l  
c o l o u r e d  b u t  - f a i n t  und er  
UV e x c e p t  -for two v e r y  
p r o m in e n t  s p o t s  a t  0 . 2 2  
(PCB 156) and 0 . 4 3  
< 1 , 2 , 3 , 4 -
t e t r a c h i o r o b e n z e n e ) )
0 . 3 8
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s u b s e q u e n t ly  -found t o  be t h e  case and t h e  • fo l lo w in g
s o l u t e s  were s e p a r a t e d  u s in g  an RP-18 HF'TLC pi a t e / 100'/.
a c e t o n i t r i l e  systems
i )  3 , 4 - d i c h l o r o a n i 1 in e
i i ) 1 , 2 , 3 , 4 - t e t r a c h l o r o b e n z e n e
i i i ) ,  i v ) ,  v)  , v i  > , v i i )  F i r s t  t o  f i f t h  - f r a c t i o n s
r e s p e c t i v e l y  f rom  s i l i c a / h e x a n e  column c l e a n - u p  of  PCB
156 s y n t h e s i s  p r o d u c t s .
The r e s u l t s  a r e  shown in  F i g u r e  1.
F i g u r e  1. TLC o f  s o l u t e s  i n d i c a t e d  (see  t e x t )  u s in g
Merck R P -1 8 ,  F2S4 , HPTLC p l a t e  w i t h  1007. 
a c e t o n i t r i l e  m obi le  phase.  Viewed under  
UV l i g h t  a t  254 nm.
3,4 1234 Frac Frac Frac Frac Frac
DCA TCB 1 2 3 4 5
Origin
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T h 0  i n 1 0  n s i t  i e s a f  t  h e s p a t  s f o r  1 , 2 , 3 , 4
t  e t  r  a c In l o r o  b e n z e n 0  a n cl P C B 156 w 0  r  0  g r  0  a 1 0  s t  i n f  r  a c t  i o n s
1 and 2 and wore much reduced  i n  t h e  sub sequent  
f r a c t i o n s .
Thus i t  was c o n c lu d e d  t h a t  f i r s t l y ,  a C^ g r e v e r s e d  phase  
system w i t h  100% a c e t o n i t r i l e  as m o b i le  phase would
p r o b a b l y  be a u s e f u l  p r o c e d u r e  f o r  s e p a r a t i n g  PCBs f rom
c h 1o r o b e n z e n e s . Second1y , any r e s i  dua l  c h i  o r o a n i 1 i ne 
( wh i ch was un 1 i ke 1 y > wou 1 d a 1 so be s e p a r  a t e d  f  r  om PCBis. 
Th i r  d 1y , t h e  e l u a t e  f rom  t h e  s i l i c a / h e x  an e column c 1e a n -  
up s t e p  s h o u ld  be c o l l e c t e d  u n t i l  abo u t  100 ml a f t e r  t h e  
f i r s t  h i n t  o f  c o l o u r  has begun t o  e l u t e  ( i . e .  t o  t h e  end 
of  t h e  second f r a c t i o n  as c o l l e c t e d  a b o v e ) .  C o l l e c t i n g  
any more e l u a t e  would be u n l i k e l y  t o  i n c r e a s e  t h e  PCB 
y i e l d  by v e r y  much (as  w i t n e s s e d  by t h e  d e c r e a s e  in
1 n t  e n s i t  y o f  t  h e P C B s p o t  i n la te r"  f  r  a c t  i o n s ) and w o u 1 d 
i n c r e a s e  t h e  amaunt o f  p ig m en ted  i m p u r i t y  p r e s e n t  i n  t h e  
sample  c o l l e c t e d .
Prep  a r  a 1 1 ve HPL.C.
In  v ie w  o f  t h e  TLC r e s u l t s ,  t h e  r e s i d u e s  f rom  t h e  f i r s t  
two f r a c t i o n s  f  r  om t h e  s i l i c a / h e x  ane c o 1umn c 1ea n -u p  were  
d i  s s o 1 v e d i n a min im u m o f  a o e t  o n i  t  r i l e  a n d s u b ;j e c t  e d t  o a 
p r e p a r a t i v  e H P L C s e p a r  a t  i on u s in g  a 250  m m X 2 :L. 2 m m
2 o r  b a x G D S c o 1 u m n w i t  h 1007. a c e 1o n i t  r  i 1 e a s m o b i 1 e p h a si e . 
The i n s t r u m e n t  used was a Du Pont  830 p r e p a r a t i v e  IHPLC
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u n i t  f i t t e d  w i t h  a 2 . 0  ml i n j e c t i o n  l o o p .  The f l o w  r a t e  
was 14 ml min” 1 and t h e  column e f f l u e n t  was passed i n t o  a 
Du Pont  UV d e t e c t o r  s e t  a t  254  nm, 2 . 5 6  AUFS w i t h  a 
p r e p a r a t i v e  s c a l e  f l o w  c e l l .  The i n s t r u m e n t  was 
m a i n t a i n e d  a t  t o  i n c r e a s e  t h e  s o l u b i l i t y  o f  t h e
c r u d e  r e s i d u e  i n  t h e  m o b i le  p h a s e ,  t o  im p ro ve  t h e  peak  
shape and t o  d e c r e a s e  t h e  e l u t i o n  . t i m e .  Repeated  
i n j e c t i o n s  o f  t h e  sam ple  s o l u t i o n  w ere  made and a t y p i c a l  
chrom atogram  i s  shown i n  F i g u r e  2 .
F i g u r e  2 .  T y p i c a l  chrom atogram  f ro m  t h e  p r e p a r a t i v e
HPLC c l e a n - u p  o f  PCB 156 .  See t e x t  f o r  
d e t a i I s .
1234
TCB
I n j .
25 20 15  10  5 0
i--------1____ I____ i____ i i
Mins.
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I  h e P C B 15 6  p 0  a k a n d t  h e :L , 2 , 3 , 4  - 1 e t  r  a c h 1 o r  o b e n e n 0  p e a k 
b o t  h 0  y, c e e d 0  d t  h e d y n a m i c r  a n g 0  0  f  t  h 0  d 0 1 0  c t  o r  5 t  h i  s
w 0  u X d a p p 0  a r  t  o i n d :L c a 1 0  t: h a t  i n t  h i s p a r  t  i  c u 1 a r  
i n s t  anc 0 , 1  h 0  c 0  n d i t  i o n s o f  t  h 0  i n i t  :i. a 1 v a c u u m
d i s t i l l a t i o n  wore n o t  s u f f i c i e n t l y  r i g o r o u s  t o  remove t h e  
ma j  o r  i t y  o f  t h 0  1 0 1 ra c h  1 o r o b o n z ene .
I d e n t i f i c a t i o n  o f  t h e  peaks  was based on d i r e c t
co m par ison  w i t h  t h 0  RPHPTLC r 0 su 1 1.s (F:i.gur0  2 ) . Th0  PCB
f r a c t i o n  was c o l l e c t e d  i n  a ro u n d - bo 1 1 omed f  1 ask d:i.r0 c 1 1 y
f ro m  t h e  o u t l e t  o f  t h 0  UV f l o w  c e l l .
R e c r y s t a l  1 _i s a t i on o f  PCE< 156.
The a c e t o n i t r i l e  was e v a p o r a t e d  o f f  in  a r o t a r y  
e v a p o r a t o r  and t h e  PCB 156 was th e n  r e c r y s t a l  1 i s e d  f rom  
95"/. aqueous e t h a n o l .
A f t e r  t h e  r e c r y s t a l  1 i s a t i o n , t h e  PCB s t i l l  seemed t o  have  
a f a i n t  o ran g e  t i n g e  and so was , d is s o lv e d  i n  hexane and 
passed t h r o u g h  a s i  1 i ca  El0 p - pak c a r t r  i dg0 . Th 0  c a r t r i  dg0  
r e t a i n e d  a l l  t h e  p ig m en t  and on e v a p o r a t i o n  o f  t h e  
s o l v e n t  f o l l o w e d  by d r y i n g  i n  a vacuum oven a t  TB^C f o r  4 
h o u r s ,  a w h i t e  c r y s t a l l i n e  powder was l e f t  which  
s u b s e q u e n t l y  p roved  t o  be PCB 156 (see  S e c t i o n  2 . 4 . 1 . ) .
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Y i e 1 d -
240  m g o f  P C B 15 6 w e r  e o b t  a :i. n e d .
2 . 3 . 2 .  PCBs 157 and 169.
Vac u um d i  s t i 1 1 a t i o n  and c olumn c h r omat o g r a p h y .
The c r u d e  r e a c t i o n  p r o d u c t s  f rom  t h e  s y n t h e s i s  o f  PCBs 
157 and 1 6 9 ,  w h ich  were a deep r e d -b r o w n  c o l o u r  (as  w i t h  
PCB 1 5 6 ) ,  w ere  s u b j e c t e d  t o  vacuum d i s t i l l a t i o n  t o  remove  
ex c e s s  1 , 2 , 3 - t  r i  c h 1o ro b e n z e n e  and th e n  s i  1 i c a / h e x a n e  
column c h r o m a to g r a p h y  in  a s i m i l a r  manner t o  PCB 156. I t  
was assumed t h a t  PCBs 157 and 169 and r e s i d u a l
t r i c h i o r o b e n z e n e  would a l l  be u n r e t a i n e d  by t h e  
s i l i c a / h e x a n e ?  sys tem  and so e l u a t e  was c o l l e c t e d  u n t i l  
a b o u t  100 ml o f  y e l l o w  p ig m en t  had been e l u t e d  as
s u g g e s t e d  by t h e  TLC r e s u l t s  f o r  t h e  PCB 156
s i l i c a / h e x a n e  column c l e a n - u p  (see  Sector) 2 . 3 . 1 . ) .
Sep a r a t  1 on of_PCB__J.57_ and PCB 16 9 .
At  t h i s  s t a g e  i t  became n e c e s s a r y  t o  a d d re s s  t h e  p ro b le m  
o f  c h r o m a t o g r a p h i  c s e 1e c t  i v i  t y  between t h e  two i somers  
p rodu ced  i n  t h e  s y n t h e s i s  of  PCBs 157 and 169. The
i s o m e r s  p rodu ced  by t h e  Cadogan s y n t h e s i s  a r e  i n e v i t a b l y  
v e r  y s i  mi 1 a r , c o n t a i  n i  ng t  he same number o f  c h 1or  i nes and 
t h e  same s u b s t i t u t i o n  p a t t e r n  i n  one of  t h e  r i n g s  ( t h e
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r i n g  p r o v i d e d  by t h e  c h i o r o a n i 1 i n o ) . The c h l o r i n e s  i n  t h e  
r i n g  p r o v i d e d  by t h e  c h 1o r o b e n z ene w i 11 r e t a i n  t h e  same 
p a 1 1 e r n  w i t h  r e s p e c t  t o  each o t h e r  in  b o th  isomersj i  
h o w e v e r ,  t h e  p a t t e r n  o f  s u b s t i t u t i o n  w i t h  r e s p e c t  t o  t h e  
r i n g  b r i d g e  w i l l  be d i f  f e r e n t . H e n c e , t h e  on 1 y d i  f f e r e n c e  
betw een  t h e  two c h i o r o b i p h e n y l  i so m ers  produced i n  a 
t w o - i s o m e r  s y n t h e s i s  w i l l  be t h e  p o s i t o n  o f  t h e  r i n g
b r i d g e  i n  one o f  t h e  r i n g s .  T h i s  w i l l  p r o b a b l y  g i v e  r i s e
t o  d i f f e r e n c e s  i n  d i p o l e  moment and a l s o  d i f f e r e n c e s  i n  
m o l e c u l a r  g e o m e try  (such as 1e n g t h - t o - b r e a d t h  r a t i o  and 
i n t e r - r i n g  d i h e d r a l  a n g l e ) .  However ,  C18 s t a t i o n a r y  
p hases  a r e  n e i t h e r  d i p o l e  moment nor  g eo m e try  s e l e c t i v e
t o  any u s e f u l  d e g r e e .  A c e t o n i t r i l e  does possess  a d i p o l e  
moment and i s  a p o l a r i s a b l e  m o le c u le  and so may g i v e  r i s e  
t  o some s e l e c t i v i t y  on t  h a t  bas i s ,  b u t  ac e to n  i t  r  i 1e i s a 
l i n e a r  m o l e c u l e  and so would  n o t  be e x p e c t e d  t o  p r o v i d e  
s e l e c t i v i t y  on t h e  groun ds  o f  m o l e c u l a r  g e o m e t r y .  
Consequen11 y , i t  was t h o u g h t  u n l i k e l y  t h a t  a C18 /1007.  
a c e t o n i  t r  i 1 e sys tem  c o u ld  e f f e c t  a d e q u a te  s e p a r a t i o n  o f  
is o m e r  p a i r s  p roduced  by Cadagan c o u p l i n g .  T h i s  was b o rn e  
o u t  i n  p r a c t i c e  i n  t h e  case  o f  t h e  PCB 1.57 /169 p a i r .  
U s ing  RP-HPTLC p l a t e s  (C18 , FZH4 , M erck)  and 1007. 
a c e t o n i t r i l e ,  t h e  f o l l o w i n g  s o l u t e s  were examined f o r  
t h e i r  c h r o m a t o g r a p h ic  b e h a v io u r s
i ) PCB f  r  ac t  i on f  r  om vacuum d i s t  i 11 a t  i on and
s i  1 i c a / h e x a n e  column c l e a n - u p  o f  PCB 1 5 7 / 1 6 9  s y n t h e s i s
p r o d u c t s .
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i i )  PCB 156 (as  a marker compound).
i i i )  1 , 2 , 3 - t r i c h i o r o b e n z e n e .
i v )  3 , 4 , 5 - t r i c h i o r o a n i 1 i n e .
The r e s u l t s  a r e  shown in  F i g u r e  3 .
F i g u r e  3 .  RP-HPTLC r e s u l t s  Tor  a t te m p te d  s e p a r a t i o n  of
PCBs 157 and 169 us in g  1007. a c e t o n i t r i l e  
m o b i le  phase.  (See t e x t  f o r  d e t a i l s ) .













As can be see n ,  t h e r e  was no a p p a r e n t  s e p a r a t i o n  between  
PCBs 157 and 169. I t  a l s o  happens t h a t  PCB 156 would co ­
e l u t e  w i t h  PCBs 157 and 169 us ing  t h i s  system d e s p i t e  
b e in g  q u i t e  d i f f e r e n t  in  te rm s of  s u b s t i t u t i o n  p a t t e r n .
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H e n c e , t  hi :L s a c e t  o n i t  r  i 1 e s y s t  e m w a s c o n s i d e r  e d u n s u i t  a b 1 e 
•for t h e  s e p a r a t i o n  o f  t h e  is o m e rs  produced in  a s in q  1 © 
Cadogan c o u p l i n g  s y n t h e s i s .  However ,  some p r e l i m i n a r y  
s t u d i e s  were  c a r r i e d  o u t  u s in g  a 25 cm X 5 mm i . d .
H y p e r s i  3. Ph©ny 1 co 1 umn <Shandon South iern ,  Runcorn , Ul<, 
5pm p a r t i  c 1e s i z e )  wi t h  a c e t o n i  t r  i 1e based mob i 1e phases  
w i t h  t h e  aim o f  ach i  ev  i n g se 1 eo t  i  v i t y  b e t w ©en PCBs b y th  e 
use o f  t h e  phenyl  s u b s t i t u t e d  s t a t i o n a r y  phase .  1007. 
a c e t o n i t r i l e  r e s u l t e d  i n  v i r t u a l l y  no r e t e n t i o n .  W ith  a 
20 p i  i n j  ©c t  i on vo l  ume, 60  a 407. v / v  a c e to n  i t r  i 1 © a w a te r
g ave  some s e p a r a t i o n  o f  PCBs 157 and 169 < k ' PCB 157 ~
1 1 . 0 ,  k '  PCB 169 55 1 1 . 9 ,  R«» = 1 . 0 )  b u t  column e f f i c i e n c y '
and peak shape were v e r y  p o o r ,  p o s s i b l y  due t o  poor
w e t t i n g  o f  t h e  s t a t i o n a r y  phase by t h e  m o b i le  pha se ,  and 
l o a d i n g  c a p a c i t y  was v e r y  low due t o  t h e  h ig h  w a te r
c o n t e n t  o f  t h e  m o b i le  phase .
I t  was c o n s id e r e d  a t  t h i s  t i m e  t h a t  t h e  r e s i d u a l  1 , 2 , 3 -  
t r i c h i o r o b e n z e n e  and p ig m e n t  i m p u r i t i e s  r e p r e s e n t e d  a 
h i n d r a n c e  t o  t h e  s t u d y  o f  t h e  s e p a r a t i o n  o f  t h e  two
i som ers .  Consequen 1 1 y , thie r e s i  cjue f  rom t h e  s i  1 i c a / hex ane 
c o l  umn c le a n  -up  was f  u r  t  hi e r  p u r  i f  i  ed by us i n g t  hi e 7. o r  b ax 
C D S /1007. a c e t o n i t r i l e  p r e p a r a t i v e  HPLC system d e s c r ib e d  
f o r  PCB 156 (see  S e c t i o n  2 . 3 . 1 . )  b u t  w i t h  an i n j e c t i o n  
volume o f  8 ml. No s e p a r a t i o n  o f  t h e  two PCB is o m e rs  was 
o b s e r v e d ,  b u t  t h e  r e s i d u a l  1 , 2 , 3 - t r i c h 1o ro b e n z e n e  and 
pigmen t  s wer e r  emoved. A t y p i c a l  ch r  om atogr  am i s shiown i n 
F i g u r  e 4 .  Th e PCB f r a c t i o n  was c o l l e c  t  ed d i r  e c 1 1y f rom
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t h e  d e t e c t o r  f l o w - c e l l  o u t l e t .  The a c e t o n i t r i l e  was 
removed by r o t a r y  e v a p o r a t i o n  b u t  no r e c r y s t a l  1 i s a t i o n  
was p e r f o r m e d .
F i g u r e  4 .  P r e l i m i n a r y  HPLC c l e a n - u p  o f  PCBs 157 &
169 a f t e r  s y n t h e s i s .  See t e x t  f o r  
PCBs
d e t a i l s .  157 + 169
1 ,2 ,3  t r i c h l o r o -  
benzene
Inj.
15 10 5 P
Mins.
T e t r a h y d r o f u r a n  (THF) was c o n s i d e r e d  as an a l t e r n a t i v e  
m o b i le  phase component  f o r  t h e  s e p a r a t i o n  o f  PCB i s o m e r s .  
THF, l i k e  a c e t o n i t r ' i  1 e , p o s s e s s e s  a marked d i p o l e  moment,  
b ut  i n  a d d i t i o n  i t  i s  a c y c l i c  m o l e c u l e  and i t  was 
c o n s id e r e d  t h a t  t h i s  a s p e c t  o f  i t s  s t r u c t u r e  would e n a b l e  
THF t o  i n d u c e  s e l e c t i v i t y  between PCBs by e x p l o i t i n g  
d i f f e r e n c e s  i n  g e o m e t r y .  I t  was e x p e c t e d  t h a t  s m a l l
43
d i f  f  0  r  0  n c e s i n t  h e p a 1 t  © r  n o f  c h 1 □ r  .i n a t  :i. o n i n P C B i s □ m 0  r  s 
wouId  g i v 0  r:i.s0  t o  d i f  f 0 r 0 n c 0 s i n  t h 0  o r i 0 n t a t i o n  □ f  IH F  
ina l 0 c u l e s  a b o u t  th©  b i p h e n y l  n u c le u s  and i n  the* way t h e  
m o 1 0  c u 1 0  s s t  a c k i  n t  hi e s o 1 v a t  i o n p r  o c 0  s s , t  h u s 1 0  a d i n g t  o 
d i f  f  0  r  0  n c 0  s i n  c h r  o m a I: □ g r  a p h i c b 0  h a v i o u r  , i . e .  
s e l e c t i v i t y .  Us>ing a 5 5 s 457. v / v THFs wa10 r  m□ b i  10  p h a s 0  
w i t  h t  h 0  H y p 0  r  s i  1 P h 0  n y 1 c C31 u m n d 0  s c r i b ©  d above?, b a s 0 1 i n 0  
s e p a r a t i o n  be tw een  PCBs 157 and 169 was o b t a i n e d  w i t h  
d e c r  eased r e t e n t  i o n s .
Prompted by t h e  i n c r e a s e  i n  s e l e c t i v i t y  in d u ce d  by t h e  
use o-f THF, t h e  HPTLC s e p a r a t i o n  o f  PCBs 157 and 169 was 
a t t e m p t e d  u s i n g  a C ib  R P -H P TL C /TH F*w ate r  s y s te m ,  s i n c e  a 
c18 based s e p a r a t i o n  would  mean t h a t  a P r e p a r a t i v e  ODS 
HPLC column c o u ld  be used f o r  t h e  s e p a r a t i o n  (a  
p r e p a r a t i v e  ODS column was a l r e a d y  a v a i l a b l e  -for use  
w h e re a s  a p r e p a r a t i v e  p he ny l  column was n o t ) .  The s o l u t e s  
e >•; a m i n 0  d w 0  r  0  s
i )  PCBs 1 5 7 / 1 6 9  a f t e r  c l e a n - u p  by vacuum
d i s t i l l a t i o n ,  s i l i c a / h e x a n e  column c h ro m a to g ra p h y  and 
O D S /100% a c e t o n i t r i l e  p r e p a r a t i v e  HPLC. 
i  i > PCB 156 .
The R* v a l u e s  o b t a i n e d  f o r  two d i f f e r e n t  c o m p o s i t i o n s  o f  
THF: w a te r  m o b i le  phase a r e  shown i n T a b 1 e 3.
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Ta b l e  5 .  S e p a r a t i o n  o-f PCBs 157 and 169 u s i  ng RP-
HPTLC p l a t e s  ( R P -1 8 ,  F2 B4 , M e r c k ) , and
THP”: w a t e r  mob l i e  p h a s e s .
S p o t s  v i  s u a 1 i s e d unde r  l.J V 1 i g h t  a t
254  nm.
S o l u t e Rf v a l u e s i n
8 0 : 2 0  THF: w a te r
 I.Q.
70s 30 T H F :w a te r
PCBs 157-1-169 0 . 5 8  ( - f a i n t )  
0 . 6 4  ( i n t e n s e )
0 . 3 5  ( f a i n t )  
0 . 4 4  ( i n t e n s e )
PCB 156 0 . 6 0  ( i n t e n s e ) 0 . 3 9  ( i n t e n s e )
The TLC r e s u l t s  showed t h a t  w i t h  b o th  m o b i le  phases t h e r e  
was c o m p le te  s e p a r a t i o n  o f  PCBs 157 and 169 and a l s o ,  
i n c i d e n t a l l y ,  good sep a r  a t  i on f  rom PCB 156. Th e 
70:307.  v / v  THF: w a t e r  phase had ab o u t  t h e  same e l u o t r o p i c  
s t r e n g t h  as 1007. a c e t o n i  t r i l e  -for t h i  s s e p a r a t i  on , b u t  
s e l e c t i v i t y  was much im p ro v e d .  Hence i t  was e x p e c te d  t h a t  
p r e p a r a t i v e  HPLC u s in g  an 0 D S /T H F : w a te r  sys tem  would  
p r o b a b l y  g i v e  e x c e l l e n t  s e l e c t i v i t y  between v e r y  s i m i l a r  
PCB is o m e rs  and t h i s  was s u b s e q u e n t l y  con-f irmed by t h e  
p r e p a r a t i v e  s c a l e  s e p a r a t i o n  o-f PCBs 157 and 169.
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Pr e p a r  a t  i v e l-lPLG sepa\r a t  i on o f  F::' C B s 157 and 169,
The p r e p a r a t i v e  s c a l e  HPLC s e p a r a t i o n  of  PCBs 157 and 169  
was c a r r i e d  ou t  under  t h e  - fo l lo w in g  c o n d i t i o n s !
M o b i le  phases 75:257.  v / v  THF: w a te r
Flow r a t e :  7 m 1 m i n :L
Column: 250  X 2 1 . 1  mm 1 orb  ax CDS <5 -6  ;»tm
p a r t i c l e s )  .
I n j  e c t  i on v o l . : 2 . 0  ml s a t u r a t e d  s o l u t i  on i n
m o b i le  phase*.
D e t e c t o r :  UV a t  297  nm, 2 . 5 6  AUFB.
Pr ep a r  a t  i  ve c e l l .
.Oven te m p . :  3 5 ” C
The UV d e t e c t o r  was s e t  a t  297  nm which i s  o f f  t h e  
a b s o r p t i o n  maximum. T h i s  was t o  p r e v e n t  t h e  a b s o rb a n c e  
e x c e e d in g  t h e  dynamic r a n g e  o f  t h e  d e t e c t o r .
The c le a n e d  up PCB 1 5 7 / 1 6 9  m i x t u r e  f ro m  t h e
O D S /a c e to n i  t r i 1 e HPLC c 1e a n -u p  was d i  s s o lv e d  in  a minimum
of  mob i 1 e ph a s e . Repeated  i n j  e c t  i ons were made and t h  e
i n d i v i d u a l  isom er  f r a c t i o n s  were  c o l l e c t e d  d i r e c t l y  f ro m  
t h e  d e t e c t o r  f l o w  c e l l  o u t l e t .  A t y p i c a l  chrom atogram  i s  
shown i n  F i g u r e  5 .
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F i g u r e  5 .  Chrom atogram  -from p r e p a r a t i v e  s c a le






20 15 10 5 Q
Mins.
As can be s e e n ,  t h e  s e p a r a t i o n  o-f t h e  two i s o m e r s  i s  v e r y  
good.  The i d e n t i t i e s  o-f t h e  two peaks  were a s s ig n e d  as
shown i n  F i g u r e  5 .  on t h e  grounds t h a t  PCB 169 has no 
d i p o l e  moment w h e re a s  PCB 157 does .  C o n s e q u e n t ly ,  one  
w ould  e x p e c t  PCB 157 t o  have a g r e a t e r  a f f i n i t y  f o r  t h e
p o l a r  m o b i l e  p hase  th a n  PCB 169 ,  and so PCB 157 would be
e x p e c t e d  t o  e l u t e  f i r s t  -C493-. F u r t h e r m o r e ,  t h e  s y n t h e t i c  
p r e c u r s o r s  w ere  such t h a t  one would e x p e c t  PCB 157 t o  be 
f o r m e d  i n  g r e a t e r  q u a n t i t i e s  th a n  PCB 169; t h e  RP-HPTLC 
e x p e r i m e n t s  u s i n g  t h e  THFswater  m o b i le  phases,  ( T a b l e  3 . )  
showed t h a t  t h e  more i n t e n s e  isom er  s p o t  on t h e  p l a t e ,  
w hic h  was assumed t o  be PCB 157 ,  had t h e  h i g h e r  R* v a l u e  
and so would  be e x p e c t e d  t o  e l u t e  f i r s t  i n  an e l u t i o n  
chromatogicphy mode. I d e n t i t y  a s s ig n m e n ts  were  
s u b s e q u e n t l y  c o n f i r m e d  (see  S e c t i o n s  2 . 4 . 2 .  and 2 . 4 . 3 . ) .  
I t  s h o u ld  be n o t e d  t h a t  due t o  t h e  w a v e le n g t h  o f f s e t  o f
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t  h 0  d 0  t e c  t o r  , t  h e r  e 1 a t  i v e  i n t. e n s i  t  i 0  s o f  t  h 0  p 0  a I-:: s i n 
F i g u r  0  5 .  a r  0  n □ t  a t  r  u 0  i n cl i c: a t  i 0  n o f  t  hi 0  r e l a t i v e  
quan t  i t  i 0 s 0 f  t h 0  two i s 0 m0 r  s . Thi0  chromatogram a l  so 
show s t  hi a t  t  h 0  r  e w a s s 1 i g hi t  t  a :i. 1 i n g o f  t  hi 0  p 0  a k s n t  hi i s 
co u ld  have l e d  t o  c o n t a m i n a t i o n  o-f t h e  PCD 169 - f r a c t i o n  
by PCD 157 b u t  t h i s  was o b v i a t e d  by t a k i n g  PCD 169 as a 
" c u t "  r a t h e r  th a n  c o l l e c t i n g  i t  -from t h e  v a l l e y  p o i n t .
Wh0 n t h 0  s e p a r a t i o n  was comp1 e 1 0 , t h © IHFs wa1 0 r  s o l v e n t  
was removed in  a r o t a r y  e v a p o r a t o r  by s t a r t i n g  a t  a low  
t e m p e r a t u r e  t o  remove t h e  THF th e n  u s in g  a much h i g h e r  
t e m p e r a t u r e  t o  d r i v e  o-f-f t h e  w a t e r .  At t h i s  s t a g e ,  PCD 
169 s t i l l  d i s p l a y e d  a v e r y  - f a i n t  y e l l o w  c o l o u r a t i o n .  The  
s e p a r a t e  iso m ers  were th e n  r e c r y s t a l  1 i s e d .
Re c r y s t a l l i s a t i o n  o-f PCDs 1 5 7 and 169.
Doth PCBs were r e c r y s t a l  1 i s e d  -from a b s o l u t e  e t h a n o l  and 
d r i e d  i n  a vacuum oven a t  BO^C. T h i s  removed t h e  r e s i d u a l  
c o l o u r  f rom  PCB 169 and both  is o m e rs  were  o b t a i n e d  as  
w h i t e ,  c r y s t a l l i n e  m a t e r i a l s .  However ,  PCB 169 a p p eared  
t o  have a s l i g h t l y  waxy q u a l i t y .
Y i e 1 d s .
935  mg o f  PCB 157 were o b t a i n e d .
214 mg o f  PCD 169 were o b t a i n e d .
48
5. PCB 189.
Vacuum d i s t  i  3.3. a t  io n  a n d c o l umn c h r  omat  oq r  ap h y .
A f t e r  s y n t h e s i s ,  t h e  m a j o r i t y  o f  t h e  r e m a i n i n g  1 , 2 , 3 , 4 -  
t e t r a c h l o r o b e n z e n e  was removed by vacuum d i s t i l l a t i o n .  
The deep r e d - b r o w n  r e s i  due was d i s s o  1 ved i n a minimum of  
hexane and t r a n s f e r r e d  t o  a s i l i c a  column f o r  rem ova l  of  
t h e  p i  gments as d e s c r  i bed p r e v i  o u s 1y ( see Bee t  i  ons 2 . 3 . 1 .  
and 2 . 3 . 2 . ) .  The e l u a t e  was c o l l e c t e d  u n t i l  about  100 ml 
of  t h e  f i r s t  y e l l o w  band had e l u t e d .  The hexane  was then  
removed i n  a r o t a r y  e v a p o r a t o r  t o  l e a v e  a s l i g h t l y  y e l l o w  
c r y s t a l  1 i ne r e s i  d u e . Thi  s r e s i  due s m e l1ed o f  1 , 2 , 3 , 4 -  
t e t r a c h 1 o r o b e n z e n e . The r e s i  due was th e n  r  e - d  i s s o 1ved i n 
a minimum o f  a c e t o n i t r i l e .
RP-HPTLC o f  PCB 189 s y n t h e s i s  p r o d u c t s .
Knowing t h a t  t h e  s y n t h e t i c  r o u t e  used would produ ce  o n l y  
one PCB c o n g e n e r ,  i t  was c o n s id e r e d  t h a t  t h e  
G D S / a c e t o n i t r i 1e HPLC system  used f o r  t h e  c l e a n - u p  o f  PCB 
156 would p r o b a b l y  be e q u a l l y  s u c c e s s f u l  f o r  PCB 189.  
T h i s  was c o n f i r m e d  u s in g  r e v e r s e d - p h a s e  HPTLC. Using RP-  
18,  , HPTLC p l a t e s  (M erck )  and 100/C a c e t o n i  t r  i  3. e as
m o b i le  pha se ,  t h e  f a l l o w i n g  s a l u t e s  were chrom atographeds
i ) 1 , 2 , 3 , 4 - 1 e t  r a c h 1 o r  ob enzen e .
i i )  PCB f r a c t i o n  f ro m  s i l i c a / h e x a n e  column c l e a n - u p .
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i i i )  PCB 156 (as  marker  compound).
The r e s u l t s  a r e  shown in  F i g u r e  6 .
F i g u r e  6 . RP-HPTLC of  PCB 189 s y n t h e s i s  p r o d u c ts
u s in g  1007. a c e t o n i t r i l e  as m o b i le  phase  








As can be see n ,  PCB 189 was w e l l  s e p a r a t e d  from t h e  
t e t r a c h l o r o b e n z e n e .  S l i g h t  r e s i d u e s  of  b y - p r o d u c t s  were  
a l s o  i n  e v id e n c e  b u t  d id  n o t  appear  t o  pose any prob lem .  
In  v ie w  of  t h e  r e s u l t s ,  p r e p a r a t i v e  HPLC u s in g  t h e  1 orbax  
□DS column w i t h  1007. a c e t o n i t r i l e  as m o b i le  phase was 
employed as t h e  n e x t  s t e p  i n  th e  c l e a n - u p  p r o c e d u r e .
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P r e p a r a t  i v 0  HPI....C o f P CB 1 8 9 ,
The f o l l o w i n g  c h r o m a t o g r a p h !c  c o n d i t i o n s  were  em ployed:
M o b i l e  phase:  1007. ac e t  on i t  r  i 1 e
F low r a t e :  1 1 . 2  ml m in -"3-
Column: Zorbax CDS 250 X 2 1 . 1  mm ( 5 - 6  pm
p a r t i  c l e s )
I n j e c t i o n  v o l . : 2 . 0  ml s a t u r a t e d  s o l u t i o n  i n
m o b i le  phase .
D e t e c t o r :  IJV a t  254  nm. 2 . 5 6  AUFS.
P r e p a r a t i v e  c e l l .
□ven t e m p . :  55^0
R e p e a te d  i n j e c t i o n s  o f  t h e  a c e t o n i  t r i  1 e s o l u t i o n  were  
made and t h e  PCB 189 f r a c t i o n  was c o l l e c t e d  d i r e c t l y  f ro m  
t h e  o u t l e t  o f  t h e  UV f l o w  c e l l .  A t y p i c a l  chrom atogram  i s  
shown i n  Figure? 7 .  I d e n t i t i e s  were a s s ig n e d  by d i r e c t  
c o m p a r is o n  w i t h  t h e  RP-HPTLC r e s u l t s .
Re c r y s t a l  1 i s a t i  o n .
The PCB 189 was r e c r y s t a l l i s e d  f rom  m ethanol  and d r i e d  i n  
a vacuum oven a t  GO^C f o r  4 h o u rs .
Y i e l d .
749  mg o f  PCB 189 were o b t a i n e d .
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F i g u r e  7 .  Chrom atogram  o-f p r e p a r a t i v e  HPLC





I n j .
i x j
20 15 10 5 0
Mins.
2 . 5 . 4 .  PCBs 97 and 118 .
Vacuum d i s t i l l a t i o n  and column c h r o m a t o g r a p h y .
The? c r u d e  r e a c t i o n  p r o d u c t s  were  s u b j e c t e d  t o  vacuum 
d i s t i l l a t i o n  i n  o r d e r  t o  remove t h e  e x c e s s  1 , 2 -  
d i  c h i  orobenzeriQ The r e d -b r o w n  r e s i d u e  was t h e n
52
d i s s o l v e d  i n  a minimum o f  h e p ta n e  and passed th r o u g h  a 
s i l i c a  column i n  a s i m i l a r  manner t o  t h a t  d e s c r i b e d  
p r e v i o u s 1y (see  S e c t i o n s  2 . 3 . 1 . ,  2 . 3 . 2 .  and 2 . 3 . 3 . )  u s in g  
h e p ta n e  as  t h e  m o b i le  p hase .  The e l u a t e  was c o l l e c t e d  
u n t i l  a b o u t  1 0 0  ml o f  t h e  f i r s t  y e l l o w  band had e l u t e d .
The h e p t a n e  was th e n  e v a p o r a t e d  o f f  u s in g  a r o t a r y
e v a p o r a t o r .
RP-HPTLC o f  PCBs 97 and 118 s y n t hes i s  p r o d u c t s ,,
U s ing  RP-HPTLC, F^*^- p l a t e s  (Merck)  w i t h  7 0 : 3 0 “/. v / v  
T H F :w a t e r  as  m o b i le  p h a s e ,  t h e  f o l l o w i n g  s o l u t e s  were  
exam ined f o r  t h e i r  c h r o m a t o g r a p h ic  b e h a v i o u r :
i )  PCB 156 (as  a m arker  compound) .
i i )  The PCB 9 7 / 1 1 8  f r a c t i o n  f rom  t h e  s i l i c a  column
c l e a n - u p .
i i i )  1 , 2 - d i c h i o r o b e n z e n e .
The r e s u l t s  a r e  shown in  F i g u r e  8 . From t h e  r e s u l t s  i t  
can be seen t h a t  a T H F :w a t e r  m o b i le  phase p r o v i d e d  
s e l e c t i v i t y  be tw een t h e  two is o m e rs  as w e l l  as  s e p a r a t i o n  
f ro m  r e s i d u a l  i m p u r i t i e s .  These r e s u l t s  were used as a 
b a s i s  f o r  t h e  p r e p a r a t i v e  s c a l e  s e p a r a t i o n  o f  PCBs 97  and 
118.
53
F i g u r e  8 .  RP-HPTLC o-f PCB 9 7 / 1 1 8  s y n t h e s i s  p r o d u c t
u s in g  7 0 : 3 0  TH F :w a te r  m o b i le  phase (see  




PCB PCB 97+ 1,2
156 118 frac DCB
P r e p a r a t i v e  HPLC s e p a r a t i o n  o-f PCBs 97 and 118.
In o r d e r  t o  i n c r e a s e  r e t e n t i o n  and t h e r e f o r e  t h e  
s e p a r a t i o n  of  t h e  two is o m e rs ,  a m o b i le  phase of  
65:357. v / v  THF: w a te r  was chosen.  The r e s i d u e  from t h e  
s i l i c a  column c l e a n - u p  was d i s s o l v e d  in  a minimum of  
m o b i le  phase and t h e  isom ers  were s e p a r a t e d  u s in g  t h e  
f o l l o w i n g  c h r o m a to g r a p h ic  c o n d i t i o n s :
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Mob i  I  phase s 65  s 357, v /  v THF: wat or
F I  aw r a t  os 1 1 . 6  ml m in ""1
Columns Z orb  ax CDS 250  X 2 1 . 2  mm ( 5 - 6  jum
p a r t  i c 1 o s )
I  n j  ec: t  i on v o l . s 2 .  0 ml s a t u r a t e d  so l  u t  i on in
m o b i le  phase?.
D e t e c t o r s  UV a t  254  nm. 2 . 5 6  AUFS.
Pr op a r  a t  i vo c e l l .
□von tem p.s  5 0 ^ 0 ‘
R e p e a te d  i n j e c t i o n s  o f  t h e  im pure  PCB m i x t u r e  in  m o b i le  
phase w ere  made and t h e  two is o m e rs  were c o l l e c t e d  
d i r e c t l y  f ro m  t h e  o u t l e t  o f  t h e  d e t e c t o r  f l o w  c e l l .  A 
t y p i c a l  chrom atogram  i s  shown i n  F i g u r e  9 .  Ass ignm ents
were made on t h e  b a s i s  o f  d i p o l e  moment as  d is c u s s e d  
p r e v i o u s l y  -C 49 > ( see  S e c t  i  on 2 . 3 . 2 . )  and sub so quen 1 1 y
p ro v e d  c o r r e c t  ( see  S e c t i o n s  2 . 4 . 5 .  and 2 . 4 . 6 . ) .
U n l i k e  PCBs 157 and 169 ,  t h e  PCB 9 7 / 1  IS  r e s i d u e  f ro m  t h e  
s i l i c a  column c l e a n - u p  was neat s u b j e c t e d  t o  an 
CDS /  ac e t  on i t  r  i 1 e HPLC c 1 ean -u p  an d so t  h e samp 3. e 
s e p a r a t e d  on t h e  O D S /T H F :w a te r  was much d i r t i e r  as can be 
seen f ro m  F i g u r e  9 .  On e v a p o r a t i o n  o f  t h e  m o b i le  p h a se ,  
u s in g  a r o t a r y  e v a p o r a t o r ,  bo th  PCB 97 and PCB 118 were? 
o f f - w h i t e  i n  c o l o u r .  In  v ie w  of  t h i s ,  i t  may have been  
p r o f i t a b l e  t o  have p e r fo r m e d  a p r e l i m i n a r y  
O D S / a c e t o n i t r i l e  HPLC c l e a n - u p  b u t  t h i s  would  have been
v e r y  t i m e  consum ing.  I n s t e a d ,  a second s i l i c a / h e p t a n e
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column c l e a n - u p  was p e r f o r m e d  f o r  PCB 118.
E-L9,.—*, - — Ty pi c a l  chromatogram f o r  p r e p a r a t i v e  HPLC
s e p a r a t i o n  o f  PCBs 97 and 118.  See t e x t  
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30 20 10 0
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Second s i l i c a  column c l e a n - up -far RGB 1 1 8 .
Due t o  t h e  s l i g h t  o ra n g e  c o l o u r a t i o n ,  RGB 118 was passed  
t h r o u g h  a second s i l i c a / h e p t a n e  column in  a s i m i l a r  
m a n n e r  t  o t  h a t  d e s c r  i to e d a to o v e e x c e p t  t  h a t  t  h e f  r  a c t  i o n 
c o l l e c t i o n  was s toppe d  .j u s t  toef a r e  any co l  our  e 1 u t e d . 1"he 
h e p t a n e  was th e n  e v a p o r a t e d  -from t h e  RGB - f r a c t i o n  i n  a 
r o t a r y  e v a p o r a t o r .  Some of  t h e  c o l o u r e d  band was th e n  
c o l l e c t e d  and s p o t t e d  o n to  a f l u o r e s c e n t  TLC p l a t e .  The  
p l a t e  was th e n  v iew ed  under  UV l i g h t  a t  254  nm. Some 
q u e n c h in g  o f  f l u o r e s c e n c e  was ob s erved  and i t  was assumed  
t h a t  t h i s  was due t o  r e s i d u a l  RGB 118 i n  t h e  c o l o u r e d  
band;  i t  was t h u s  assumed t h a t  some RGB 118 was n o t  
r e c o v e r e d .
RGB 97 was n o t  s u b j e c t e d  t o  a second s i l i c a / h e p t a n e  
c l e a n - u p  s i n c e  i t  was n o t  r e q u i r e d  f o r  any f u r t h e r  
s t u d i  e s .
R e c r y s t a l  1 i s a t i  o n .
In  an a t  temp t  t  o remove t  h e c o l o u r a t  i on to y 
r e c r y s t a l  1 i s a t i o n , PCB 97 was r e c r y s t a l  1 i s e d  t h r e e  t i m e s  
f ro m  50:507 .  v / v  m ethanol  : a c e t o n i  t r i  1 e b u t  some c o l o u r  
s t i l l  r e m a in e d .
RGB 118 was r e c r y s t a l  1 i s e d  f ro m  m e th a n o l .
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Both t h e  impure  PCB 97 and PCB 118 were d r i e d  i n  a vacuum 
oven a t  7 8 t:3C f o r  4 h o u rs .  PCE< 97  was s l i g h t l y  o f f - w h i t e ?  
and PCB 118 was w h i t e .  Both were c r y s t a l l i n e .
Y i e l d s .
360  mg o f  PCB 118 were o b t a i n e d  ( low  y i e l d  due t o  some 
b e in g  l e f t  b e h ind  i n  second s i l i c a  column c l e a n - u p )
720  mg o f  PCB 97 were o b t a i n e d .
2 . 4 .  C on f  i  rmat  i on o f  I d e n t  i t y  and A ssessment  o f  P u r i t y  o f
PCBs 9 7 ,  1 1 8 , __156,___1 5 7 a___ 169 and 189 a f t e r  Synt h e s i s
and 1 s o l  a t  i o n .
C o n f i r m a t i o n  o f  i d e n t i t y  was p r o v i d e d  by e x a m i n a t i o n  of  
p r o t o n  m a g n e t ic  r e s o n a n c e  s p e c t r a ,  mass s p e c t r a  and 
c o m p a r is o n  o f  m e l t i n g  p o i n t s  w i t h  p u b l i s h e d  v a l u e s  where  
a v a i l a b l e .  These d a t a ,  t o g e t h e r  w i t h  knowledge  o f  t h e  
s y n t h e t i c  p r o c e d u r e ,  p e r m i t t e d  u n e q u iv o c a l  i d e n t i f i c a t i o n  
of  t h e  s y n t h e s i s e d  PCB c o n g e n e r s .
P u r i t y  was assessed u s in g  t h e  above t e c h n i q u e s  i n  
c o n ju n c t o n  w i t h  c a p i l l a r y  gas c h r o m a t o g r a p h y . I m p u r i t y  
peaks  i n t h e  s p e c t r o s c o p i  c d a t a  a l l  owed t e n t a t  i ve  
i d e n t i f i c a t i o n  o f  t  h e t  ypes o f  e on tarn i nan t s  p r  e s e n t .
70 eV e l e c t r o n  im p ac t  mass s p e c t r a  a r e  re p r o d u c e d  in
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a p p e n d ix  1 as  i s  a t a b l e  o f  270  MHz p r o t o n  NMR d a t a  f o r  
e a c h o f  t  h e P C B c o n g e n e r  s s y n t  h e s i s e d .
 PCB 156 .
M e l t i n g po i n t s  1 2 4 . 1 “ t o  1 2 4 .9 ^ 0  a t  0 . 3 “ C m i n " 1 .
No p u b l i s h e d  value? a v a i l a b l e  f o r  c o m p a r is o n .
E!E N •_ The p r o t o n  NMR d a t a  f o r  PCE< 156 a r e  t a b u l a t e d
i n  a p p e n d ix  1. The d a t a  a r e  e n t i r e l y  c o n s i s t e n t  w i t h  t h e  
a s s ig n e d  s t r u c t u r e  and a g r e e  w e l l  w i t h  p u b l i s h e d  d a t a  
•C 4 6 ,  52> . Impur i  t y  s i g n a l s  were? r e c o r d e d  a t  s
8 (ppm) r e 1a t i v e  t o  IMS.
A p prox .  0 . 9 4  ( b r o a d )
A p prox .  1 . 2 2  ( t r i p l e t )  
A p prox .  1 . 5 8  (b ro a d  s i n g l e t )  
A p p r o x . 2 . 1 8  
A p p ro x .  3 . 7 0
Too weak t o  dete?rmine  
m u l t i  p i i  c i  t y  
V e ry  weak 
V e ry  we?ak
B a r e l y  d i s c e r n i b l e
Too weak t o  d e t e r m i n e
m u l t i  p i i  c i  t y
Mass s p e c t r o m e t r y s  The? 70  eV E l  mass s p e c t ru m  (see  
a p p e n d ix  1 ) was t y p i c a l  o f  a h e x a c h l o r o b i  p he ny l  , 
e x h i b i t i n g  the? c o r r e c t  m/z v a l u e s ,  isotope? c l u s t e r i n g  and 
f r a g m e n t a t i o n  p a t t e r n s  -C53>. Some v e r y  weak i m p u r i t y  
p ea ks  were v i s i b l e ,  n o t a b l y :
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m/z.
29 V e ry  weak
43 V e ry  weak
57 V e ry  weak
149 V e ry  weak
3 9 4 / 3 9 6 / 3 9 0  Ex t r e m e 1y weak
Ca p i l l a r y  g a s c hrom atograph ys  The f o l l o w i n g  c o n d i t i o n s
were  em ployed!
Columns 39 m 0 . 2 5  mm i d  f u s e d  s i l i c a
p o l y m e t h y l s i  1 oxane 0 . 2  pm f i l m .
C a r r i e r  gas:  Hydrogen a t  17 p . s . i .
Oven programmes lOO^C f o r  1 m in .  th e n  4 c:?C m in ” 1 t o  2 5 0 e,C.
Hoi d .
D e t e c t o r :  F lam e i o n i s a t i o n .
I n j . / d e t .  t e m p . : 27 5 ^ 0
I n j e c t i o n  mode: 2 t o  4 |..il i n  h e p ta n e  s o l u t i o n ,  s p l i t  ( low
r a t i o ) .
I n s t r u m e n t :  P e r k i n ~ E l m e r  Sigma 3 gas c h r o m a t o g r a p h .
Some s m a l l ,  v e r y  e a r l y  e l u t i n g  peaks <tr-' a l l  l e s s  th a n
3 . 0  m i n s . ) w ere  v i s i b l e  n e a r  t h e  s o l v e n t  f r o n t .  PCB 156 
e l u t e d  a t  tr-'= 3 4 . 1  m in u t e s  w i t h  a peak h e i g h t  o f
1 0 7 . 5  mm. No i m p u r i t y  p ea ks  were v i s i b l e  a f t e r  t r  '=  3 . 0  
mi n u t e s .
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Summar y and d i s c u s s i o n :
I t  was c l e a r  -from t h e  s p e c t r o s c o p i  c d a t a  and t h e  
s y n t h e t i c  method t h a t  t h e  compound was in d e e d  PCB 156 
and was s u f f i c i e n t l y  p u r e  f o r  use as an a n a l y t i c a l  
s t a n d a r d .  T h e re  were  u n d o u b t e d l y  i m p u r i t i e s  and t h e  main  
c o n t a m i n a n t s ,  as e v id e n c e d  by t h e  s p e c t r o s c o p i c  d a t a , 
would  ap p e a r  t o  be r e s i d u a l  e t h a n o l  f rom  t h e  
r e c r y s t a l  1 i s a t i o n , and a h y d r o c a r b o n - 1 i k e  m a t e r i a l .  The 
v e r y  weak t r i p l e t  in  t h e  p r o t o n  NMR a t  8 ~  1 . 2 2  may w e l l  
be due t o  t h e  m ethy l  group o f  e t h a n o l  and t h e  e x t r e m e l y  
weak s i g n a l s  a t  2 . 1 8  and 3 . 7 0  c o u ld  be due t o  t h e
h y d r o x y l  p r o t o n  and t h e  m e t h y le n e  p r o t o n s  r e s p e c t i v e l y .  
The v e r y  weak s i g n a l s  a t  5 -  0 . 9 4  and 1 . 5 8  c o u ld  be t h e
m e th y l  and m e t h y le n e  p r o t o n s  r e s p e c t i v e l y  o f  a 
h y d ro c a r b o n  c h a i n .  The s o u rc e  o f  t h i s  h y d r o c a r b o n - 1 i k e  
m a t e r i a l  i s  n o t  c l e a r  b u t  may be c a r r y - o v e r  f rom  t h e  
s i l i c a / h e x a n e  column c l e a n - u p ;  a l t e r n a t i v e l y ,  i t  may be 
t h a t  t h e  h yd ro c a rb o n  i s  a d e g r a d a t i o n  p r o d u c t  f rom  t h e  
□08 phase used i n  t h e  p r e p a r a t i v e  HPLC work .
The mass s p e c t r o m e t r i c  d a t a  e x h i b i t e d  some w e l l  known 
i m p u r i t y  pea ks .  Those a t  m/z = 2 9 ,  43  and 57 a r e  commonly 
d e r i v e d  f ro m  h y d ro c a rb o n  c h a i n s  and would n o r m a l l y  be 
weak i f  t h e  h y d r o c a r b o n - 1 i k e  s u b s ta n c e  i s  p r e s e n t  as an 
i m p u r i t y  s i n c e  h y d ro c a rb o n  c h a in s  te n d  t o  f ra g m e n t  
h e a v i l y .  The peak a t  m/z s= 149 i s  u s u a l l y  i n d i c a t i v e  of  a 
p h t h a  1 a t e  p i a s t i c i s e r . The peaks  a t  m/z -  3 9 4 ,  396 and
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3 98  w ere  o f  u n c e r t a i n  o r i g i n  b u t  may w e l l  have been due 
t o  a v e r y  low l e v e l  o f  a h e p t a c h l o r o b i  pheny l  produced  
d u r  i n g syn t h  es  i s b y h i gh e r  - c h 1 o r  i n a t e d  ch 1 o roan  i 1 i nes or  
c h i o r o b e n s e n e s  i n  t h e  r e a c t a n t s .  A l l  t h e  i m p u r i t y  peaks  
w ere  v e r y  weak and were n o t  o f  g r e a t  s i g n i f i c a n c e  bu t  
t h e y  d i d  a p p e a r  t o  i n d i c a t e  t h e  p r e s e n c e  o f  a 
h y d r o c a r b o n - 1 i k e  compound, a t r a c e  o f  r e s i d u a l  e t h a n o l ,  a 
t r a c e  o f  p h t h a l a t e  and p o s s i b l y  a t r a c e  o f  a 
h ep t  ac h 1 o r  ob i p h en y 1 .
The c a p i l l a \ r y  gas chrom atogram  showed t h e  con gener  t o  be 
q u i t e  p u r e  a l t h o u g h  t h e  c h r o m a t o g r a p h ic  c o n d i t i o n s  were  
such t h a t  v e r y  v o l a t i l e  compounds such as s o l v e n t s ,  would  
n o t  have  been r e s o l v e d  f rom  t h e  s o l v e n t  f r o n t .  T h e re  were  
a number o f  s m a l l  i m p u r i t y  peaks between t h e  s o l v e n t  
f r o n t  and t , -  ' = 3 . 0  m in u te s ;  t h e  i d e n t i t i e s  o f  t h e s e
m a t e r i a l s  was unknown b u t  t h e  r e t e n t i o n  t i m e s  were  
u n d o u b t e d l y  t o o  s h o r t  t o  have been due t o  a long  
h y d ro c a r b o n  c h a in  t y p e  o f  compound. Wo i m p u r i t i e s  were  
seen e 1 u t i n g  a f t e r  t r  ' = 3 . 0  m i n u t e s .
O v e r a l l ,  t h e  sam ple  o f  PCB 156 was found  t o  be o f  
s u f f i c i e n t  p u r i t y  f o r  use as an a n a l y t i c a l  s t a n d a r d .
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2.4,.2..._..PCB 157^
Mel t  i ng p a i  n t  s 1 5 0 . 5 °  t o  1 5 1 . 0°C a t  0 . 5 ° C  min""1 .
Na p u b 1 i sh ed v a 1ue was ava  i 1a b 1e f o r  comp a r i  s o n .
P r a t a n N MR: The p r a t a n  NMR d a t a  f a r  PCB 157 a r e  t a b u l a t e d  
i n  a p p e n d ix  1. The d a t a  concur  w i t h  t h e  a s s ig n e d
s t r u c t u r e  o f  PCB 157 and a g r e e  w e l l  w i t h  p u b l i s h e d  d a t a  
•C46, 5 2 } .  I m p u r i t y  s i g n a l s  were  r e c o r d e d  a t :
J L ( j ? _ E r e l a t i v e  t o TMS.
Approx .  1 . 2 2  Too weak t o  d e t e r m i n e
m u l t i  p i i  c i  t y  
Approx.  1 . 5 5  ( s i n g l e t )  Weak
Approx.  2 . 1 8  E x t r e m e l y  weak -  b a r e l y
d i s c e r n i b l e
7 . 5 4  E x t r e m e l y  weak -  b a r e l y
d i s c e r n i b l e
Mass s p e c t r o m e t r y : The 70 eV E l  mass s p e c t ru m  (see
app end ix  1 ) wa\s t y p i c a l  o f  a h e x a c h l o r o b i p h e n y l  ,
e x h i b i t i n g  t h e  a p p r o p r i a t e  m/z v a l u e s ,  i s o t o p e  c l u s t e r i n g  
and f r a g m e n t a t i o n  p a t t e r n s  {5 3 > .  T h e re  w ere  no n o t a b l e
i m p u r i t y  peaks .
Ca p i l l a r  y gas c h r  omat og r  aph y s C h ro m a to g ra p h ic  c o n d i t  io n s  
were as  f o r  PCB 156 (see  S e c t i o n  2 . 4 . 1 . ) .
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Some s m a l l ,  v e r y  e a r l y  e l u t i n g  peaks were v i s i b l e  and 
a p pe a r  e d , on t  h e wh o l e ,  t o  be t h  e same c on t  am i n a n t s  as  
t h o s e  seen in  t h e  PCB 156 sam ple .  The a d j u s t e d  r e t e n t i o n  
t i m e ,  t r- ' f o r  t h e s e  m o d e r a t e l y  v o l a t i l e  i m p u r i t i e s  were  
no more th a n  3 . 0  m in u te s  f o r  a l l  e x c e p t  one v e r y  minor  
c o n ta m in a n t  (peak h e i g h t  = 1 . 5  mm) which had a t v ' v a l u e  
of  4 . 7  m in u t e s .  A l a t e r  e l u t i n g ,  v e r y  m inor  i m p u r i t y  a t  
tr- ' ~ 3 7 . 2  m ins .  (peak h e i g h t  = 1 . 0  mm) was i d e n t i f i e d  as  
PCB 169. PCB 157 e l u t e d  a t  t v '  = 3 5 . 4  m ins .  w i t h  a peak 
h e i g h t  o f  1 5 3 . 5  mm. No o t h e r  i m p u r i t i e s  were seen .
Summary and d i  scus s i on s
From t h e  s p e c t r o s c o p i c  d a t a  and t h e  method o f  s y n t h e s i s ,  
t h e  compound was u n d o u b t e d l y  PCB 157. P u r i t y  app eared  t o  
be a t  l e a s t  a d e q u a te  f o r  use as an a n a l y t i c a l  s t a n d a r d .
The NMR d a t a  showed e x t r e m e l y  s m a l l  amounts o f  e t h a n o l  in  
t h e  sample  as e v id e n c e d  by t h e  s i g n a l s  a t  <5 ™ 1 . 2 2  and 
2 . 1 8  which c o u ld  be t h e  m ethy l  and h y d r o x y l  p r o t o n s  
r e s p e c t i v e l y .  No s i g n a l  was v i s i b l e  a t  8 3 . 7 0  where one
would have e x p e c te d  t o  f i n d  t h e  m e th y le n e  p r o t o n  s i g n a l s  
f o r  e t h a n o l ;  t h i s  was p r o b a b l y  due t o  t h e  s i g n a l s  b e in g  
beyond t h e  d e t e c t i o n  l i m i t  o f  t h e  i n s t r u m e n t .  The weak 
s i g n a l  a t  8 ~ 1 . 5 5  c o u ld  be due t o  m e t h y le n e  o r  m e th in e  
p r o t o n s  in  a h y d ro c a rb o n  c h a in  b u t  no c o r r e s p o n d i n g  
m ethy l  p r o t o n  s i g n a l  c o u ld  be seen .  The e x t r e m e l y  weak 
s i g n a l  a t  8 85 7 . 5 4  was due t o  t h e  p r e s e n c e  o f  v e r y  low
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l e v e l s  o f  PCB 169 ( c o n f i r m e d  by c a p i l l a r y  G O .
The mass spe?ctrurn showed no n□t a b 1e i  mpuri  t i e s .
The c a p i l l a r y  GC r e s u l t s  showed t h e  p r e s e n c e  o f  low  
l e v e l s  o f  t h e  same m o d e r a t e l y  v o l a t i l e  c o n t a m i n a n t s  as
seen i n  PCB 156 .  T h e r e  was a l s o  a v e r y  s m a l l  peak a t  t , ~ '
« 4 . 7  m i n s . ;  w h e th e r  t h i s  was a t r u e  c o n ta m in a n t  or  an
a r t i f a c t  i s  n o t  known b u t  t h e  c o n c e n t r a t i o n  was t o o  low  
t o  have  been o f  s i g n i f i c a n c e .  The p r e s e n c e  o f  PCB 169 a t  
a low c o n c e n t r a t i o n  was w i t n e s s e d  by t h e  s m a l l  peak  
( h e i g h t  1 . 0  mm) a t  t r - ' = 3 7 . 2  m ins .  The a d j u s t e d
r e t e n t i o n  t i m e  and peak h e i g h t  o f  PCB 157 were  3 5 . 4  mins.  
and 1 5 3 . 5  mm r e s p e c t i v e l y .  Assuming equ a l  res p o n s e  
f a c t o r s  and peak shapes  f o r  t h e  two i s o m e r s ,  t h e  PCB 169 
r e p r e s e n t e d  o n l y  a b o u t  0 .67.  o f  t h e  two PCBs present ,  which  
was c o n s i d e r e d  acceptab le? .
I t  was c o n c lu d e d  t h a t  t h e  PCB 157 was o f  a c c e p t a b l e  
p u r i t y .  The i d e n t i f i c a t i o n  c o n f i r m e d  t h e  e l u t i o n  o r d e r  of  
PCBs 157 and 169 as was a s s ig n e d  d u r i n g  t h e  RP-HPTLC and 
p r e p a r a t i v e  HPLC i s o l a t i o n  p r o c e d u r e s  (see  S e c t i o n  
2 . 3 . 2 . ) .  The? p r e s e n c e  o f  s m a l l  amounts o f  PCB 169 was 
e x p e c t e d  b u t  d i d  n o t  a p p e a r  t o  be a s i g n i f i c a n t  p ro b le m .  
O th e r  t h a n  t h e  p r e s e n c e  o f  PCB 169 and t h e  a p p a r e n t  
absence  o f  p h t h a l a t e ,  t h e  i m p u r i t y  p r o f i l e  ap p eared  t o  be? 
s i m i l a r  t o  t h a t  o f  PCB 156 w i t h  v e r y  low l e v e l s  of  a 
h y d r o c a r b o n - 1 i k e  c o n t a m i n a n t  and t r a c e s  o f  e t h a n o l .  T h e re
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w0 r 0  a 1 s □ t h e  c □ n t a m i n a n t s  o f  mod0 r a 1 0  vo 1 a t i  1 i t y  i n  t h 0  
c a p i l l a r y  GC.
2 , 4 . 5 .  PCD 169.
M e l t in g  p o i n t ;  1 9 2 . 0 °  t o  1 9 3 . 0 °C a t  0 . 4 °C m in” 1 . 
L i t e r a t u r e  v a l u e  2 0 1 °  t o  202 °  £541.
P r o to n  NMRs The p r o t o n  NMR d a t a  -for PCB 169 a r e  g i v e n  in  
app en d ix  1. The d a t a  a r e  c o n s i s t e n t  w i t h  t h e  s t r u c t u r e  of  
PCB 169 and a g r e e  w i t h  p u b l i s h e d  d a t a  £46 ,  5 2 1 .  I m p u r i t y  
s i g n a l s  were o bs erved  ats
 r e l a t i v e  t o  TMS.
Approx .  0 . 9 4  ( t r i p l e t )  S t r o n g ,  d i s t o r t e d
A p p r o x . 1 , 2 2  ( s i n g l e t )  S t r o n g ,  b road
Approx.  1 . 5 5  ( s i n g l e t )  M o d e r a t e ,  sharp
Approx.  7 . 1 0  t o  7 . 5 0  ( m u l t i p l e t )  V e ry  weak
Mass s p e c t r om e t r y i The? 70  eV E l  mass s p e c t ru m  ( s e e  
app end ix  1) was t y p i c a l  o f  a h e x a c h l o r o b i  pheny l  £531 .  







C a p i l l a r y  ga s _c h r om atoqra p h y :  C o n d i t i o n s  were a s f o r  PCB 
156 ( see  S e c t i o n  2 . 4 . 1 . ) .
I m p u r i t y  peaks  w ere  o b s e rv e d  a t  t , ~ ' t i m e s  up t o  3 . 0  
m in tu b e s  and a p p e a re d  t o  be t h e  same m a t e r i a l s  as th o s e  
seen -for PCBs 156 and 157 .  The c o n c e n t r a t i o n s  o f  t h e s e  
s u b s ta n c e s  were a l s o  s i m i l a r  t o  t h o s e  seen w i t h  the? o t h e r  
c o n g e n e r s .  A n o th e r  i m p u r i t y  was seen a t  t r - ' = 2 0 . 7  mins.  
w i t h  a peak h e i g h t  o f  1 . 5  mm. No o t h e r  peaks  were seen  
u n t i l  t r - ' = 3 5 . 4  m in s .  and t h i s  was i d e n t i f i e d  as PCB 157 
(peak h e i g h t  = 2 . 0  mm). PCB 169 e l u t e d  a t  t r 3 7 . 2  
m in u te s  w i t h  a peak h e i g h t  o f  1 4 5 . 5  mm. No o t h e r  
s i g n i f i c a n t  peaks  w ere  o b s e r v e d .
Summary and di  s c u s s i o n 5
The d a t a  f o r  PCB 169 were q u i t e  d i f f i c u l t  t o  i n t e r p r e t
unequ i  v o c a b 1y . The me11 i  ng po i  n t  was d e p re s s e d  by about  
9 C3C and t h e  NMR r e s u l t s  showed t h e  p r e s e n c e  o f  h i g h - f i e l d  
i m p u r i t i e s .  The NMR s i g n a l  a t  abo u t  5 -  0 . 9 4  b o r e  some
re s e m b la n c e  t o  t h a t  f o r  a m ethy l  group a t t a c h e d  t o  a
67
m e t h y le n e  group b u t  i t  was c o n s i d e r a b l y  d i s t o r t e d  i n  t h a t  
i t  was broadened and t h e  c e n t r a l  s i g n a l  o f  t h e  t r i p l e t  
was u n u s u a l l y  l a r g e  and t h e  d a w n f i e l d  s i g n a l  was 
s t r a n g e l y  s h o r t e n e d .  The b road  s i g n a l  a t  5 -- 1 - 2 2  c o u ld  
have been due t o  t h e  m e t h y le n e  p r o t o n s  o f  a h y d ro c a r b o n  
c h a i n .  The s i n g l e t  a t  6  1 . 5 5  may have been due t o  some
t y p e  o-f long  h y d ro c a rb o n  c h a in  p r o t o n s  b u t  t h i s  i s  n o t  
c e r t a i n .  The v e r y  weak m u l t i p l e t s  in  t h e  a r o m a t i c  r e g i o n  
a r e  p r o b a b l y  due t o  low l e v e l s  o-f PCD 157.
The mass s p e c t r o m e t r i c  r e s u l t s  i n d i c a t e  t h e  p r e s e n c e  o-f 
p h t h a l a t e s  (m/s = 149) and h y d ro c a rb o n  c h a i n s  (m/s = 2 9 ,  
43 and 5 7 ) .
The gas ch ro m a to g ra p h y  r e s u l t s  showed t h e  p r e s e n c e  o-f 
some m o d e r a t e l y  v o l a t i l e  c o n t a m i n a n t s  as  was seen i n  PCBs
156 and 157 .  PCB 157 was a c o n ta m in a n t  as e x p e c t e d  and 
assuming equ a l  F ID  re s p o n s e  - f a c t o r s  and peak s h a p e s ,  PCB
157 com pr ised  abo ut  2 .07. o-f t h e  two PCB is o m e rs  p r e s e n t .  
T h i s  c o u ld  a c c o u n t ,  i n  p a r t  a t  l e a s t ,  f o r  t h e  d e p r e s s i o n  
of  t h e  m e l t i n g  p o i n t .  The s m a l l  i m p u r i t y  a t  t r - ' = 2 0 . 7  
mins.  c o u ld  be a l o n g - c h a i n  h y d r o c a r b o n - l i k e  compound,  
but  i f  t h i s  was so i t  i s  u n l i k e l y  t h a t  t h e r e  would be
enough o f  t h i s  m a t e r i a l  t o  ac c o u n t  f o r  t h e  h ig h  f i e l d
s i g n a l s  e n c o u n t e r e d  i n  t h e  p r o t o n  NMR s p e c t r u m .
In summary, PCB 169 would seem t o  c o n t a i n  a number o f
i mpur i t  i es a t  a low 1 e v e 1. The me11 i  ng p o i n t  was
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d e p r  e s s 0  d a n d t  h e s a m p 1 e i t  s 0 1  f  h a d a s 1 i g h 1 1 y w a x y 
c o n s i s t e n c y .  I t  w as , h o w e v e r ,  d e c id e d  t h a t  t h e  sam ple  was 
p u r e  enough t o  be used as an a n a l y t i c a l  s t a n d a r d  p r o v i d e d  
t  h e 1 e v e 1 o f  p u r  i t  y w a s b o r  n e i n m i n d .
The p o s i  t i  ve i d e n t  i f  i c a t i  on of  t h e  s u b s ta n c e  as PCB 169 
con f i r m e d  t h e  e l u t i o n  o r d e r  a s s ig n  men t  s made d u r i  ng t  he 
RP--HPTLC and p r e p a r a t i v e  HPLC s e p a r a t i o n s  (see  S e c t i o n
M e l t i n g  po i n t s  1 5 1 . 0 “ t o  1 5 3 . 0 C a t  0 .  5 C m i n " 1 . 
L i t e r a t u r e  v a l u e  162” t o  163“ C C551.
Pr o t on NMR: The p r o t o n  NMR d a t a  a r e  r e p o r t e d  i n  app end ix  
1 and a r e  c o n s i s t e n t  w i t h  t h e  a s s ig n e d  s t r u c t u r e  o f  PCB 
189.  The r e s u l t s  a l s o  a g r e e  w e l l  w i t h  p u b l i s h e d  d a t a  -C46, 
5 2 1 .  I m p u r i t y  s i g n a l s  were seen a t :
5 (ppm) r e l a t i v e  t o  TMS.
1
2 . 4 . 4 .  PCB 189.
1 . 0 5  ( s i n g l e t ) Weak, broad
1 . 2 5  ( s i n g l e t ) Weak
1 . 6 4  ( s i n g l e t ) Weak, broad
Ap prox .  2 . 1 8  ( s i n g l e t ) V e ry  weak
3 . 4 9  ( s i n g l e t ) M o d e ra te
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Mass sp_ectrom0 t r y s  The 70 eV E l  mass s p e c tru m  (see  
a p p e n d iv, 1 ) wa s t  y p :i. c a 1 o f  a h e p t  a c h 1 o r  o to :L p h e n y 1 -C 5 3 > 
d i s p l a y i n g  t h e  c o r r e c t  m/z v a l u e s ,  i s o t o p e  c l u s t e r i n g  and 
f  r  a g m e n t  a t  i o n p a t  t e r n  s . S e v e r  a 1 i m p u r i t y  p e a k s w e r  e a l s o  
seen i n c 1 u d ing  t h e  f o i l o w i n g s
m/z
29 Weak
■4 3 W e a k
157 Weak
149 Weak
Cap i l l a r y ga s chromat o g r a phys C o n d i t i o n s  were? as f o r  PCB 
156 (see? S e c t i o n  2 . 4 . 1 . )  e x c e p t  t h a t  t h e  s o l v e n t  was 
hexane i n s t e a d  o f  h e p ta n e .
The? PCB 189 e l u t e d  a t  t r  ' -  3 8 . 6  m ins .  and went o f f  s c a l e  
on t h e  r e c o r d e r .  Twenty  m inor  i m p u r i t y  peaks  e l u t e d  
between tr- ' = 2 1 . 5  and 3 6 . 9  m ins .  b u t  v e r y  e a r l y  e l u t i n g  
c o n t a m i n a n t s  were a b s e n t .
Summary and d i  s c u s s i o n :
The m e l t i n g  p o i n t  was d e p re s s e d  by abo ut  10°C and t h e  NMR 
showed h ig h  f i e l d  i m p u r i t i e s .  The s i n g l e t  a t  b 3 . 4 9  was 
due t o  r e s i d u a l  m ethanol  and i t  may be s p e c u l a t e d  t h a t  
t h e  b road  s i n g l e t  a t  5 = 1 . 6 4  may be t h e  h y d r o x y l  p r o to n
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tou t  t h i  s s 0 0 ms un 1 i  ke 1 y . The o r i g i n  o f  t h e  o t h e r  s i g n a  1 s 
was unknown tout may have been due t o  some hydrocarbon™  
l i k e  compound.
As b e f o r e ,  t h e  mass s p e c t ru m  i n d i c a t e d  t h e  p re s e n c e  o-f 
low l e v e l s  o f  h y d ro c a r b o n  c h a in  and p h t h a l a t e  i m p u r i t i e s .
The c a p i l l a r y  gas c h ro m a to g ra p h y  r e v e a l e d  t h e  p r e s e n c e  o f  
a number o f  i m p u r i t i e s  b u t  none of  t h e  e a r l y  e l u t i n g  
i m p u r i t i e s  seen i n  PCBs 156 ,  157 and 169 was seen i n  PCB 
189.  T h i s  may be due t o  t h e  use o f  HPLC g r a d e  methanol  as  
t h e  r e c r y s t a l  1 i s i n g  s o l v e n t  f o r  PCB 189 i n s t e a d  o f  
e t h a n o l , wh ich  was used f o r  t h e  o t h e r  t h r e e  c o n g e n e r s .  
The c o n c e n t r a t i o n  o f  each o f  t h e  i m p u r i t i e s  e l u t i n g  
between tr- ' = 2 1 . 5  and 3 6 . 9  m ins .  was low b u t  t o g e t h e r  
t h e y  may add up t o  a s i g n i f i c a n t  l e v e l .  I t  i s  p o s s i b l e  
t h a t  t h e s e  compounds w ere  h y d r o c a r b o n - 1 i k e  b u t  t h i s  i s  
c o n j e c t u r e .
The NMR i n d i c a t e d  m o d e ra te  l e v e l s  o f  m ethanol  and 
c o n s e q u e n t l y ,  t h e  PCB 189 was d r i e d  i n  a vacuum oven f o r  
a f u r t h e r  f o u r  h o u rs  b e f o r e  use .  However ,  t h e  d ep re ssed  
m e l t i n g  p o i n t  was unchanged by t h i s  which would i n d i c a t e  
t h a t  t h e  l e v e l  o f  m ethanol  had n o t  been as h ig h  as  
o r i g i n a l l y  t h o u g h t .
In  c o n c l u s i o n ,  PCB 189 seemed t o  c o n t a i n  low l e v e l s  o f  a 
h y d r o c a r b o n - 1 i k e  c om tam in an t  and some p h t h a l a t e ,  bu t
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d 0  s p i 1 0  t h i s ,  wa s d e 0  m 0  d s u i t  a b 10  f  o r  u s 0  a s a n 
a n a 1 y t  i c a 1 s t  a n d a r  d .
2 . 4 . 5 .  PCB 118.
M0 11 1 nq po i  n t  a 1 0 6 . 0 °  t o  106 .  5 0 C a t  1. 0 °C min ""1 
L i t e r a t u r e  v a l u e s  105“ t o  10 7 t:,C C55> and l i 2 c:’ t o  113^0
C56>.
P r o t o n NMRs The p r o t o n  NMR d a t a  a r 0  t a b u 1 a 1 0 d i n  app 0 n d ix  
1 and a r e  c o n s i s t e n t  w i t h  t h e  a s s ig n e d  s t r u c t u r e  o f  PCB 
110. R e s u l t s  a l s o  a g r e e  w e l l  w i t h  p u b l i s h e d  d a t a  -C46, 
5 2 y.  I m p u r i t y  s i g n a l s  were seen a t :
5J_p.p.m.) r e l a t i v e t o  IMS.
Approx.  0 . 8 7  ( t r i p l e t )  
App r  o x . 1 . 2 5  ( s i n g l e t )
Approx.  1 . 5 5  ( s i n g l e t )  
Approx.  3 . 5 0
V e ry  weak 
Weak
M o d e ra te
Too w e ak t  o d e t  e r  mine  
m u l t i p l i c i t y
Mass spec t r o me t r y a  The 70 eV E l  mass sp e c t ru m  (see  
app end ix  1) was t y p i c a l  o f  a p e n t a c h l  o r o b i  pheny l  -C53> 
d i s p l a y i n g  t h e  c o r re c t :  m/z v a l u e s ,  i s o t o p e  c l u s t e r i n g  and 
f  r a g m e n t a t  i on p a t t e r n s . Some i mpuri t y  peaks  were seen , 
most n o t a b l y :
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m/z




3 6 0 / 3 6 2  V e ry  weak
3 9 2 / 3 9 4 / 3 9 6 / 3 9 8  V e ry  weak C l -7 c l u s t e r
Ca p i 1 1 a r y  gas c h r o m a t o q r a pHys C o n d i t i o n s  were as f o r  PCB 
156 (see  S e c t i o n  2 . 4 , 1 . )  e x c e p t  t h a t  t h e  s o l v e n t  was 
hexane  r a t h e r  th a n  h e p t a n e .  No e a r l y  e l u t i n g  c o n t a m i n a n t s  
w ere  v i s i b l e  a t  a l l .  An e x t r e m e l y  s m a l l  peak (peak h e i g h t  
< 1 mm) e l u t e d  a t  t v '  = 2 1 . 6  m ins .  and -four e x t r e m e l y
s m a l l  p ea ks  (none > 1 mm) e l u t e d  between tr- ' = 2 5 . 2  and
2 6 . 0  m ins .  The most notable? i m p u r i t y  peak e l u t e d  v e r y  
l a t e  a t  tr- ' = 4 4 . 8  m in s .  (peak h e i g h t  5 mm) and was broad  
d u e ,  a t  l e a s t  i n  p a r t ,  t o  i t  e l u t i n g  i n  t h e  i s o t h e r m a l  
r  e g .i o n o f  t  h e c h r  o m a t  o gram; t  h e s o u r  c e o f  t  h i s p e a k w a s 
n o t  known. PCB 118 e l u t e d  a t  t r ' = 3 2 . 0  m ins .  w i t h  a peak  
h e i g h t  o-f 1 4 9 . 5  mm.
Summary and d is c u s s io n s
The m e l t i n g  p o i n t  o f  PCB 118 ag re e d  w e l l  w i t h  one o f  t h e  
p u b l i s h e d  v a l u e s  b u t  was a b o u t  6 c,C lo w e r  th a n  t h e  o t h e r .
The p r o t o n  NMR a g a in  r e v e a l e d  t h e  p r e s e n c e  o f  a low l e v e l
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o f  a hy d r  o c a r  b o n -1  i k e m a t  e r  i a 1 t  o g e t  h e r  w i t  h a v e r y  s m a l l  
amount o f  r e s i d u a l  m ethanol  from t h e  r e c r y s t a l  1 i s a t i o n .
The mass spec trum  c o n t a i n e d  weak h y d ro c a rb o n  c h a in  peaks  
a t  m/z = 2 9 ,  43 and 57  t o g e t h e r  w i t h  a t r a c e  o f  p h t h a l a t e  
a t  m/z 149. I n t e r e s t i  ngl  y , t h e r e  app eared  t o  be a v e r y  
s l i g h t  t r a c e  o f  a h e p t a c h l o r o b i p h e n y l  as i n d i c a t e d  by t h e  
t y p i c a l  C l -? c l u s t e r  be tween m/z -  392  and 3 9 8 .  The peak
p a i r  a t  m/z ™ 360 and 362  was o f  unknown o r i g i n ,  b u t  t h e  
two p ea ks  were o f  s i  m i 1a r  i n t e n s i  t y  which may i ndi  c a t e  
t h a t  t h e y  were t h e  c e n t r a l  peaks  o f  a Cl<?a c l u s t e r ,  
a c c o u n t i n g  f o r  t h e  l a r g e  e r r o r  i n  i n t e n s i t y  measurements  
w i t  h su c h weak s i g n a l s , w i t h  t  he o t  h e r  p eaks  of  t  he 
c l u s t e r  b e in g  t o o  weak f o r  t h e  mass s p e c t r o m e t e r  t o  
d e t e c t ;  t h i s  c o u ld  im p ly  t h a t  t h e s e  peaks were due t o  a 
h e x a c h l o r o b i p h e n y l . The p r e s e n c e  o f  h e x a c h l o r o -  and 
h e p t a c h l o r o b i p h e n y l s  c o u ld  a r i s e  i f  t h e  o r i g i n a l  
r e a c t a n t s  used i n  t h e  s y n t h e s i s  c o n t a i n e d  h i g h e r  
c h l o r i n a t e d  i m p u r i t i e s ,  b u t  t h e s e  would n o t  u s u a l l y  be 
e x p e c t e d  t o  come t h r o u g h  t h e  HPLC s e p a r a t i o n .  I t  i s ,  
h o w e v e r ,  c o n c e i v a b l e  t h a t  such low c o n c e n t r a t i o n s  alii 
i n d i c a t e d  by t h e  mass s p e c t r u m ,  c o u ld  re m a in  i n  t h e  
i s o l a t e d  PCB 118.
The c a p i l l a r y  gas chrom atogram  seemed t o  i n d i c a t e  t h a t  
t h e  PCB 118 was q u i t e  p u r e .  T h e re  were a few  v e r y  minor  
peaks  a t  tr- ' = 2 1 . 6  m ins .  and a t  t r - ' = 2 5 . 2  t o  2 6 . 0  mins.  
b u t  t h e  main i m p u r i t y  peak seemed t o  be a b road  peak a t
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tr-  ' ~ 4 4 . 8  mins .  T h i s  c o u ld  be? t h e  h e p t a c h l  o r o b i  pheny l  
seen in  t h e  mass s p e c tru m  b u t  t h e  c h r o m a t o g r a p h ic  peak  
wou 1 d ap p ear  t o  be much t o o  toi g t o  r e s u  11 f ro m  t h i  s 
h e p t a c h l  o r o -  c o n g e n e r .  The? m a t e r i a l  was r a t h e r  l a t e  
e 1 u t  i n g an d ap p e a r  ed i n ap p r  ox i ma t  e 1 y t  h e r  i g h t
c h r o m a t o g r a p h ic  r e g i o n  f o r  a h e p t a c h l o r o b i p h e n y l . The  
peak was a l s o  r a t h e r  b road  which may s u g g e s t  t h a t  i t  was 
some s o r t  o-f a r t i f a c t  such as a column b l e e d  peak .
In  c o n c l u s i o n ,  i t  would ap p e a r  t h a t  PCB 118 was q u i t e  
p u re  and s u i t a b l e  -for use as an a n a l y t i c a l  s t a n d a r d .  V e ry  
s m a l l  amounts o-f m ethanol  r e m a i n e d ,  as shown by t h e  t h e  
NMR r e s u l t s ,  t o g e t h e r  w i t h  t h e  h yd ro carb o n - - !  i ke i m p u r i t y  
seen i n  t h e  o t h e r  c o n g e n e rs  t h a t  were s y n t h e s i s e d .  The  
mass spe c trum  r e v e a l e d  t r a c e s  o f  a h e p t a c h l o r o b i p h e n y l  
and p o s s i b l y  a h e x a c h l o r o b i p h e n y l  which c o u ld  have a r i s e n  
f rom  i m p u r i t i e s  in  t h e  s t a r t i n g  m a t e r i a l s  f o r  t h e  
synthesis .  The c a p i l l a r y  gas chromatogram was r e l a t i v e l y  
" c l e a n "  e x c e p t  f a r  a v e r y  l a t e  e l u t i n g ,  b road  peak which  
was o f  unknown i d e n t i t y .  T h e re  was no c r o s s - c o n t a m i n a t i o n  
w i t h  PCB 97  and t h e  p o s i t i v e  i d e n t i f i c a t i o n  o f  PCB 118  
c o n f i r m e d  t h e  o r i g i n a l  a s s ig n m e n t  o f  t h e  r e v e r s e d  phase  
c h r o m a t o g r a p h ic  e l u t i o n  o r d e r  o f  PCBs 97 and 118 (see  
S e c t i o n  2 . 3 . 4 . ) .
2 . 4 . 6 .  PCB 97 .
M e l t i n g p o i n t :  7 8 . 0 °  t o  7 9 . 0 c,C a t  0 . 5 - ’C m in -1
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L i t  e r  a t u r e  va  1 ue 8 1 t o  82"C £55]■.
P r o t o n NMR: The p r o t o n  NMR d a t a  a r e  t a b u l a t e d  i n  app end ix  
1 and con-f i rm  t h e  s t r u c t u r e  as b e in g  t h a t  o-f PCB 97;  t h e  
r e s u l t s  a g r e e  w e l l  w i t h  p u b l i s h e d  d a t a  £ 5 2 } .  I m p u r i t y  
s i g n a l s  w ere  seen a t :
5 (ppm) r e l a t i v e  t o  IMS.
Ap p r  o x . 1 . 5 5  ( s i n g 1e t )
A p prox .  2 . 0 0  ( s i n g l e t )  
A p p ro x .  2 . 1 8
A p prox .  3 . 5 0
Weak
Weak
Too weak t o  d e t e r m in e  
m u l t i  p i i  c i  t y
Too weak t o  d e t e r m in e  
m u l t i  p i i  c i  t y
Mass s p e c t r o m e t r y : The 70 eV E l  mass s p e c tru m  was t y p i c a l
o-f a 2 , 2  ' - c h i  o r o -  s u b s t i t u t e d  p e n t a c h l  o r o b i  pheny l  £573-.
I m p u r i t y  p ea ks  w ere  o b s erved  a t :
m/ z
43 Ex t re rn e1y weak
5 7 E x t r  eme1y wea k
149 Weak
Cap i l l a r y  gas c h r o m a to gr a p h y : C o n d i t i o n s  were as -for PCB 
156 (see  S e c t i o n  2 . 4 . 1 . )  e x c e p t  t h a t  a c o n c e n t r a t e d
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s o 1 u t  :i. o n i n h e x a n e w a s u s e c:l.
T h 0  r  0  w 0  r  e 12 i m p u r  i t  y p 0  a k s b e t  w e e n t ' =:= 1 0 . 8  and 2 6 . 8
mi n s . thaugh  t h 0 s 0  w0 r 0  v 0 r y  mi nor  compar0 d t o  t h e  PCB 97  
p0 ak wh i chi was w e l l  o f f - s c  a 1 e « Th 0  1 a r g 0 s t  i mpur i t y  peak  
e l u t e d  a t  t r - ' ~ 3 6 . 8  m ins .  b u t  t h i s  t o o  was v e r y  s m a l l
r e l a t i v e  t o  t h e  PCB 97 .  PCB 97 i t s e l f  e l u t e d  a t  t r ' =
2 8 . 3  m ins .
Summary and d i s c u s s i o n :
The m e l t i n g  p o i n t  o b t a i n e d  f o r  t h e  sam ple  ag ree d  
q u i t e  c l o s e l y  w i t h  t h a t  p u b l i s h e d  in  t h e  l i t e r a t u r e .
The p r o t o n  NMR showed t h e  u su a l  weak h i g h - f i e l d  i m p u r i t y  
s i g n a l s  i n d i c a t i v e  o f  a h y d r o c a r b o n - c h a i n  t y p e  o f  
compound, t o g e t h e r  w i t h  a v e r y  s m a l l  amount o f  r e s i d u a l  
m e t h a n o l .
The mass spec trum  a l s o  showed weak h y d ro c a rb o n  peaks and 
a weak p h t h a 1 a t e  p e a k . The CM-Cl * I *  c l u s t e r  i s  r e m a r k a b l y  
p r o m i n e n t  compared t o  t h e  CM-Cl • 3"*" c l u s t e r  o f  most o t h e r  
c o n g e n e r s .  T h i s  e f f e c t  has been n o ted  p r e v i o u s l y  { 5 7 }  and 
i s  t y p i c a l  o f  2 , 2  ' --ch 1 o ro ~  s u b s t i  t u t i o n  when t h e  
r e m a i n i n g  o r t h o  p o s i t i o n s  a r e  u n s u b s t i t u t e d .
The c a p i l l a r y  gas chrom atogram  r e v e a l e d  a number o f  
i m p u r i t i e s ,  though none o f  t h e  v e r y  e a r l y  e l u t i n g
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c o (Ti p o u i"T c:l s s e e n w i t  h s o m 0  □ f  t  h 0  o t  h 0  r  P C B c □ n g 0  n 0  r  s
s y n t  h 0  is i s 0  d w a s i n 0  v i d 0  n c 0 » P C B 97 was n □ t  r  0  q u i r  0  d f o r
a n y f  u r  t  h e r  w a r  k b u t  o v 0  r  a l l  , i t  w □ u .1 d s 0  0  m t  o b 0
m o d e r a t e l y  p u r e  and c o u ld  p o s s i b l y  bo used as an
a n a l y t i c a l  s t a n d a r d  p r o v i d e d  duo c o n s i d e r a t i o n  was g iv o n  
t o  t h e  i m p u r i t i e s  p r e s e n t .  PCB 97  d i d  c o n t a i n  a c o lo u r e d  
c o n t  a m i n a n t  c a r  r  i 0  d o v 0  r  f  r  o m t  h 0  s y n t  Imt 0  s i s . T h 0  o t  h 0  r  
c o n t a m i n a n t s  a p p e a re d  t o  be s i m i l a r  in  n a t u r e  and 
quantity to th0 contaminants in th0 other PCB concjen0rs 
s y n t h e s i s e d .  No c r o s s - c o n t a m i n a t i o n  w i t h  PCB 118 was 
e v i  d e n t .
2_.__4._7_.___ ____________________ §..□.?! assessm ent  o f  jpuri jzy of
s y n t he s i s e d  PCB c ongen e r s i C o nc l us i ons.
□ne i m p u r i t y  was common t o  a l l  t h e  c o n g e n e rs  synthes ised ,  
t h i s  b e i n g  t h e  h ig h -“f i e l d  h y d r o c a r b o n - 1  i ke i m p u r i t y  
i n d i c a t e d  by t h e  NMR r e s u l t s .  The mass s p e c t r a  f o r  a l l  
t h e  c o n g e n e r s  e x c e p t  PCB 157 showed h y d ro c a rb o n  c h a in  and 
p h t h a l a t e  i m p u r i t y  p ea ks  and r e c r y s t a l  1 i s a t i o n  s o l v e n t  
was a l s o  a common c o n t a m i n a n t .
P ig m e n ts  seemed t o  be a b s e n t  f rom  a l l  t h e  con geners  
r e q u i r e d  as a n a l y t i c a l  s t a n d a r d s  ( i . e .  a l l  e x c e p t  PCB 97)  
b u t  PCB 97 was s l i g h t l y  o f f - w h i t e  due t o  minor  
c o n t a m i n a t i o n  w i t h  a c o l o u r e d  m a t e r i a l .
Me11 i ng po i n t  s wer e g en e r  a 11y d ep r e s s e d  r  e 1 a t  i v e  t  o
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p u  b 1 i  s h  e  d  v a 1 la e  s -
T h e v e r  y e a r  1 y e 1 u t  i n g :i. m p u r  i t  y p e a k s i n t  h e c a p i l l a r y  
gas chrom atogram s w ere  o n l y  p r e s e n t  whore e t h a n o l  was 
used as t h e  r e c r y s t a l  1 i s i n g  s o l v e n t  b u t  were a b s e n t  where  
me11")ano 1 was u s e d . C onsequen11 y , i t  wola 1 d ap p e a r  t h a t  t h e  
e t h a n o l  was t h e  s o u r c e  o f  t h e s e  v o l a t i l e  i m p u r i t i e s .
I t  i s  o f  i n t e r e s t  t h a t  where t h e  c o n g e n e rs  were  
s y n t h e s i s e d  i n  p a i r s  (PCBs 1 5 7 /1 6 9  and 9 7 / 1 1 8 ) ,  
s e p a r a t i o n  by p r e p a r a t i v e  l-IPLC seemed t o  be v e r y  
e f f e c t i v e  and c r o s s - c o n t a m i n a t i o n  a p p eared  t o  be a b s e n t  
in  t h e  c as e  o f  PCBs 97  and 118 and o n l y  v e r y  minor  in  t h e  
case o f  PCBs 157 and 169 .  I d e n t i f i c a t i o n  o f  t h e s e  
c o n g en ers  c o n f i r m e d  t h e  o r i g i n a l  ass ig n m e n t  o f  e l u t i o n  
o r d e r s  d u r i n g  t h e  RP-HPTLC and p r e p a r a t i v e  HPLC work.
In  summary, a l l  t h e  c o n g e n e rs  r e q u i r e d  as a n a l y t i c a l  
s t a n d a r d s  w ere  deemed t o  be o f  s u i t a b l e  q u a l i t y  f o r  t h a t  
purpo se  d e s p i t e  t h e  p r e s e n c e  o f  some i m p u r i t i e s .  
I n c r e a s e d  p u r i t y  would  have been d e s i r a b l e  and more  
s p e c i f i c  i d e n t i f i c a t i o n  o f  t h e  i m p u r i t i e s  t h e m s e lv e s  
would have u n d o u b t e d l y  h e l p e d  p i n p o i n t  t h e  s o u rc e s  o f  
c o n t a m i n a t i o n ,  b u t  t h e s e  g o a l s  would have r e q u i r e d  an 
i n o r d i n a t e  i n v e s t m e n t  o f  t i m e  and consum ables .  F u r t h e r  t o  
t h i s ,  a more q u a n t i t a t i v e  assessm ent  of  p u r i t y  would a l s o  
have been d e s i  r  a b 1e and t e c h n i  ques sueh as d i f  f e r  e n t  i a 1 
th e r m a l  a n a l y s i s  c o u ld  hav e  been helpfLAl i n  t h i s  c o n t e x t .
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T h e i m p u r  i t  i 0  s c: 0  u 1 d h a v 0  a r  i s 0  n f  r  o m s 0  v 0  r  a 1 s □ 1..1 r  ( : 0  s ; 
r e a c t i o n  b y - p r o d u c t s  a r e  a p a s s i b l e  o r i g i n ,  b a th  -from t h e  
i n 1 0  n d 0  cl r  0  a c t  a n t  s a n cl f  r  a m i m p u r  i  t  i 0  s i n t  h 0  s t  a r  t  i n g 
fna10 r i  a I s  thems 0 1v 0 s such as h i g h e r  or  lo w e r  c h 1or  i n a 1 0 d 
a n a 1 a g u 0  s a f  t  h e r  0  a c t  a n t  s . G t  hi 0  r  n-i a u r  c e s a f  i  m p u r  i  t  i 0  s 
i n c l u d e  t h e  s o l v e n t s  used f a r  sample  p r o c e s s i n g  which  
c a u 1 d c a n t a i n  p 1 a s t  i c i s 0  r  s , s u c h a s p hi t  h a 1 a 1 0  s , a n d 
p erh a p s  h y d r o c a r b o n - 1 i k e  i m p u r i t i e s .  The p r e p a r a t i v e  GDS 
HPLC column used f o r  t h e  c l e a n - u p  and s e p a r a t i o n  of  
c o n g 0  n 0  r  s m a y h a v 0  i t  s 0 1 f  b 0  0  n a s o u r  c: 0  o f  i m p u r  i t  i  0  s 
s i n c e  i t  was o ld  and o f  unknown h i s t o r y  and was found t o  
be p a r t i a l l y  d r i e d  o u t  b e f o r e  b e in g  used i n  t h i s  work.  
C o n s e q u e n t ly ,  some of  t h e  GDS phase c o u ld  have been 
s t r i p p e d  f rom  t h e  column and found i t s  way i n t o  t h e  
sa m p le s ,  b u t  i t  i s  n o t  l i k e l y  t h a t  l a r g e  q u a n t i t i e s  of  
GDS were removed as t h i s  would hiave r e s u l t e d  in  s e v e r e  
d e g r a d a t i o n  o f  column p e r fo r m a n c e  which was n ev er  
o b s e r v e d .
80
3 . EX TR A C TIO N O F QRGANQCHLQRINERESIDUES FROM HUMAN MI LK.
3 h 1. I n t  r  od uc t  i o n .
Or g an oh a 1 og en r  es i dues i n m i l k  occ ur  a 1 most, e n t i r e l y  in  
t  he 1 i p id  g 1 oto u 1 es an d e f  f  i c i en t  ex t r a c t i o n  r e  qu i r  es t  h e 
d i . s r u p t i o n  o f  t h e s e  - fa t  g 1 obu 1 es t o  p e r m i t  d i s s o  1 u t i o n  o f  
t h e  -fa t and r e s i d u e s  i n  a s u i t a b l e  s o l v e n t -  T h e re  a r e  a 
v a s t  number o f  e x t r a c t i o n  p r o c e d u r e s  and i t  would  
p r o b a b l y  be t r u e  t o  say  t h a t  t h e r e  a r e  as many e x t r a c t i o n  
p r o c e d u r e s  as t h e r e  a r e  l a b o r a t o r i e s  p e r f o r m in g  
or  gan o h a 1og en r e s  i due a n a l y s i s  on h uman m i l k .  Pr  oc ed ur  es  
can be l o o s e l y  c a t e g o r i s e d ,  f o r  c o n v e n i e n c e ,  i n t o  t h r e e  
g ro u p s :  i )  D i s c r e t e  s t e p  s o l v e n t  e x t r a c t i o n  ( e . g .
s e p a r a t i n g  f u n n e l  or  m e c h a n ic a l  b l e n d i n g  w i t h  s o l v e n t )  
o f t e n  f o l l o w e d  by c e n t r i f u g a t i o n  t o  a i d  phase s e p a r a t i o n ,  
i i )  combined e x t r a c t  i o n / c l e a n - u p  methods whereby  
e x t r a c t i o n  and ( p a r t i a l )  c l e a n - u p  a r e  p e r fo rm e d  
s i mu11 an e o n s 1y , and i i i ) c on t i  n uous ex t  r  ac t  i on met hod s 
such as S o x h l e t  ex t r a c t  i on or  s team d i  s t i 11 a t  i o n . The 
t h r e e  c a t e g o r i e s  a r e  i n e v i t a b l y  somewhat a r b i t r a r y  s i n c e  
e x t r a c t i o n  and c l e a n - u p  s t e p s  o f t e n  merge and t h e r e  a r e  
o f  t e n  e 1ements of  c 1ea n -u p  i  n e x t r a c t  i on and v i e e - v e r s a . 
Si mp1e e x t r a c t i  on w i t h  a h y d ro c a rb o n  s o l v e n t  a 1 one i s 
u s u a l l y  i n e f f i c i e n t  and i n  o r d e r  t o  d i s r u p t  t h e  l i p i d  
g 1obu1e s , v a r i o u s  t e c h n i  ques may be emp1o y e d . Ace to ne  i s  
o f t e n  used as an e x t r a c t i n g  s o l v e n t  s i n c e  i t  s t r i p s  away 
t h e  "membrane" s u r r o u n d in g  t h e  l i p i d  a l l o w i n g  subsequent
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0 x t . r a c t i a n  a f  t h e  -fa t ancl residuet;;> by s o l v e n t  ( o f t e n  
h e x a n e ) .  A e e t o n i t r i 1e and e t h a n o l  have a s i m i l a r  e f f e c t  
on t  h e " memb r  an e ".  Ph y s i  c a 1 met hods such as  son i c a t  i o n , 
f r e e z e - d r y i n g  and s l u r r y i n g  w i t h  an a d s o r b e n t  a l s o  c r a c k  
t h e  e m u ls io n  p e r m i t t i n g  e x t r a c t i o n  o f  t h e  l i p i d s .  A l l  t h e  
methods be low make use o f  some fo rm  o f  membrane-  
d i s r u pt  i ng t  e c hn i que ( e i t h e r  a s □1v e n t  o r  a p h y s i  o a 1
method)  p r i o r  t o  o r  s i m u l t a n e o u s l y  w i t h  s o l v e n t  
e x t r a c t i  o n .
 Di s c r e t e  s te p  s o 1 y e nt  e x t r a c t i  o n .
The o f f i c i a l  methods o f  t h e  UK L a b o r a t o r y  o f  t h e  
Government Chem ist  (L.GC) -C583-, the? US A s s o c i a t i o n  o f
O f f i c i a l  A n a l y t i c a l  C h e m is ts  (AOAC) £593- and t h e  US 
E n v i r o n m e n ta l  P r o t e c t i o n  Agency (ERA) -C603- a l l  f a l l  i n t o  
t  h i s c a t  e g o r y .
The UK L..GC e x t r a c t i o n  method f o r  OCRs and RGBs i n  human 
m i l k  i n v o l v e s  b l e n d i n g  20  ml o f  m i l k  w i t h  140 ml o f  a
50 ■ 507. v /  v ac e t  on e s h ex an e m i x t  u r e i n  an h omog en i  s e r . Th e
m i x t u r e  i s  th en  t r a n s f e r r e d  t o  a c e n t r i fu g e ?  f ro m  which  
t h e  s u p e r n a t e n t  i s  removed arid passed t h r o u g h  a column o f  
anhydrous  sodium s u l p h a t e  i n t o  a K u d e r n a - D a n is h  
e v a p o r a t o r .  A f t e r  r e d u c t i o n  i n  volume?, t h e  e x t r a c t  i s  
c l e a n e d - u p  u s in g  an a l u m in a  co lumn.  The main drawback o f  
t h e  method i s  t h a t  i t  i s  l a b o u r  i n t e n s i v e .
82
The AGAC m ethod ,  o r  a v a r i a n t  t h e r e o f ,  i s  w i d e l y  use d .  I t  
i s v e r y  1abo ur  i n t e n s i v e  and i n v o lv e s  d i 1u t i  ng t h e  mi 1 k 
w i t h  e t h a n o l  and ad d in g  o x a l a t e .  T h i s  i s  th e n  e x t r a c t e d  
w i t h  50  s 507. v /  v d i e t h y  1 e t  h e r : p e t  r  o 1 eum e t  h e r  f o i l  owed b y 
c e n t r i f u g a t i o n .  The e x t r a c t  i s  washed w i t h  w a t e r ,  d r i e d  
t h r o u g h  a n h y d ro u s  sodium s u l p h a t e  and l i p i d  i s  removed by  
a c e t  on i t  r  i 1e p a r  t  i t  i on i n g .
T h e U S E P A d e s c r  i  b e s o n e m e t  h o d f  o r  □ C P s a n d two f  o r  
F’CBs. The OCP method and t h e  " m ic ro "  method f o r  PCBs a r e  
t h e  same i n  p r i n c i p l e  and i n v o l v e  hom og en is ing  t h e  m i l k  
w i t h  a c e t o n i t r i l e  i n  a t i s s u e  g r i n d e r .  The homogenate  i s  
th e n  c e n t r i f u g e d ,  t h e  s u p e r n a t a n t  i s  d i l u t e d  w i t h  an 
aqueous phase and e x t r a c t e d  w i t h  hex ane .  The EPA "macro"  
method f o r  PCBs i s  s i m i l a r  t o  t h e  method o f  T e s s a r i  and 
Savage -C61> w hereby  e x t r a c t i o n  i s  p e r fo r m e d  w i t h  a c e t o n e  
u s i n g c: e n t  r  i f  u g a t  i o n , t  h e n t  h e r  e m a i n i n g c o a g u 1 a t  e d 
m a t  e r  i a 1 i s f  u r  t  h e r  e x t  r  a c t  e d w i t  h h e x a n e f  o 11 o w e d b y 
c en t  r  i  f  ug a t  i o n .  The ac e t  on e an d hex an e ex t  r  ac t  s a r  e 
combi ned , washed w i t h  27. sod i  urn su 1 p h a te  so 1 u t  i on , d r  i  ed 
and c o n c e n t r a t e d . P r e l i m i n a r y  l i p i d  rem ova l  i s  by  
a c e t o n i t r i l e  p a r t i t i o n i n g .  A g a in ,  t h e  methods a r e  v e r y  
l a b o u r  i n t e n s i v e .
V a r i a n t s  o f  t h e  AOAC method i n c l u d e  th o s e  o f  Y a k u s h i j i  a t  
a l .  -C38> who employed a KOH s a p o n i f i c a t i o n  s t e p  as  p a r t  
o f  t  h e e x t  r  a c t  i  o n , a n d t  h a t  o f  M c K i n n e y e t  a I . 16  2 } w h o 
used hexane  i n s t e a d  o f  p e t r o l e u m  e t h e r  i n  t h e  AOAC
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m 0 1 hod.  S u z u k i e t  a 1 . -C 6 3 3- i n v e s t. i g a t. e d c:l i f f  e r  e n i  
e x t r a c t i n g  s o l v e n t s  w i t h  t h e  AOAC method and -found 
h e x a n e /  a c e t  o n i  t  r  i 1 e /  e t  hi a n o 3. gave t  h e b e s t  o r  g a n o h a 1 o g e n 
r e c o v e r i e s  w i t h  t h e  l e a s t  l i p i d  e x t r a c t i o n .
Scdme o t h e r  i  n t  e r  e s t  i  ng s o l v e n  t  ex t  r  ac t  i on t  echin i ques  
i n c l u d e :  i ) e x t r a c t i o n  w i t h  a c e t o n i t r i  1 e f cd 11 owed by
a d d i t i o n  a t  w a t e r ,  a d s o r p t i o n  a-f t h e  r e s i d u e  o n t o
c h a r  c cd a 1 an d e 1 u t  i cd n w i t  h 50:150*/. v /  v a c e t  o n e : h e x a n e -C 64  3-. 
Luke and Doose -C653- adsorbed  t h e  mi 1 k cdn t o  a 1 umi na , 
e x t r a c t e d  w i t h  a c e t o n i t r i l e ?  i n  a blende?r,  - f . i l tere?d,  and 
b a c k - e x t r a c t e d  w i t h  p e t r o l e u m  e t h e r .  R o g i r s t  e t  a l .  -C663- 
emp 1 oyed an o f  f  i c i a l  Bel g i an method whi ch i s s i  mi 1 a r  t o  
t h a t  o f  t h e  UK LGC. In  t h i s ,  2 : 1  v / v  a c e t o n e : h e x a n e  was
used t o  e x t r a c t  50  g o f  m i l k  i n  an hom ogen iser  then  t h e
phases  w ere  a l l o w e d  t o  s e p a r a t e  a f t e r  which t h e  e x t r a c t  
was washed w i t h  w a t e r ,  d r i e d  w i t h  anh ydrous  sodium  
s u l p h a t e  and c o n c e n t r a t e d  i n  a r o t a r y  e v a p o r a t o r .  C l e a n ­
up was by a l u m in a  column c h ro m a to g ra p h y .
P r o c e d u r e s  o f  t h e  above t y p e  p r o b a b l y  a c c o u n t  f o r  t h e  
m a j o r i t y  o f  e x t r a c t i o n  methods used w o r l d w i d e .  They a r e  
g e n e r a l l y  w e l l  t r i e d  and t e s t e d  and g i v e  good,  
r e p r o d u c i b l e  r e s u l t s .  They a r e ,  h o w e v e r ,  complex and 
l a b o u r  i n t e n s i v e  and o f t e n  consume l a r g e  amounts o f  
1abo r  a t  o r  y m a t e r i a l s .
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3 -1  -_ 2 - J ’ o m b i n e  d e x t r a  c t. i o n /  cl.. e a n u p p r a c ed u r  e s »
These methods may be grouped i n t o  t h r e e  main t y p e s :  i )  
sap on i f  i c a t  i on • f o i l  owed b y so l  ven t  ex t  r  a c t i o n ,  i i  ) ac i d 
d i  g e s t  i  on -f o 11 owed by so 1 v e n t  ex t r a c t i  on and i i i ) 
A d s o r p t  i on o f  t h e  samp 1 e and chr  omatogr  ap!"i i c e 1 u t  i on o f  
t h e  r e s i d u e s . S a p o n i f i c a t i o n  i 3 8 ,  67 }  and a c i d  h y d r o 1y s i s  
•C 68 y , 1 i k e o t  h e r  c h em i c a 1 d eg r  ad a t  i on pr  oc ed ur  e s , a r  e 
o f t e n  used f o r  t h e  a n a l y s i s  o f  PCBs a l o n e  i n  t h e  
p r e s e n c e  o f  OCRs s i n c e  some QCPs a r e  d e s t r o y e d  by t h e  
s e v e r e  c o n d i t i o n s .  T r i g l y c e r i d e s  a r e  h y d r o l y s e d  and
s u b s e q u e n t l y  removed by s o l v e n t  e x t r a c t i o n  or  column
c h r o m a t o g r a p h y . A qui ck and s im p 1e a c i d  d i  g e s t i  on method  
of  p a r t i c u l a r  n o t e  i s  t h a t  o f  V e i e r o v  and Aharonson £ 6 0 } .  
In  t h e i r  m ethod,  c o n c e n t r a t e d  s u l p h u r i c  a c i d  was s l o w l y  
added t o  t h e  m i l k  which  was th e n  e x t r a c t e d  w i t h  p e t r o l e u m  
e t h e r .  The aqueous l a y e r  was th e n  d i s c a r d e d  and t h e  
e x t r a c t  f u r t h e r  c l e a n e d  by t h e  a d d i t i o n  o f  more s u l p h u r i c  
a c i d .  The e x t r a c t  was th e n  red u c ed  i n  volume f o r  a n a l y s i s  
by GC--ECD. PCBs and s e v e r a l  QCPs were a n a ly s e d  by t h i s
method.  R e c o v e r i e s  were g e n e r a l l y  v e r y  good and
r  e p r  o d u c i b 1 e . T h e t  w o m a i n d i s a d v a n t  a g e s o f  t  h e m e t  h o d 
a r  e t  he 1oss o f  d i e 1d r  i n  and end r  i n which a r  e d eg r a  ded b y 
t h e  a c i d  { 6 9 } ,  and t h e  l o s s  of  t h e  l i p i d  n e c e s s i t a t i n g  a 
s e p a r  a t e  d e t e r m i n a t i o n  o f  l i p i d  con t  e n t . The method i s , 
h o w e v e r , r  emak a b 1y s t r  a i gh t  f  o r  war d .
The t h i r d  t e c h n i q u e  has been used s u c c e s s f u l l y  f o r  PCBs
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•C 7 0 } a n d 0 C P s { 71 } i n m i l  k . T h e m i l  k i  i=r> s 1 u r  r  l e d  w i t  h a 
c I t r  o m a t  o g r  a p h i c a d s o r  b e n t  < s i 1 i c: a □ r  F 1 o r  i s i 1 ) w h i c h i s 
t  h e n a d d e d t  o t  h e t  o p o f  a n a l r e a d y  p a c: k 0  d a d s o r  p t  i o n 
c h r  □ m a t  o g r  a p h y co l  u m n . 0  r  g a n o h a 1 0  g e n s a r  0  t. y p .i. c a l l y
e l u t e d  w i t h  20 s 807, v / v  d i c h i  o r  Gme thanes p e t r o l e u m  e t h e r .  
The m0 1 hod i s  v 0 r y  simp 1 0  t o  us 0  b u t  a eamprgmi se b 0 1 ween 
t h e  volume of  m i l k  and t h e  s i z e  o f  t h e  column has t o  be 
■found5 low l e v e l s  o f  OCRs and PCBs would r e q u i r e  a l a r g e  
volume o f  m i l k  t o  be e x t r a c t e d  which i n  t u r n  would  
n e c e s s i  t  a t e  t h e  use o f  a 1 a rg  e a d s o r p t  i on c o 1 umn. H e n c e , 
low l i m i t s  o f  d e t e c t i o n  c o u ld  be e x p e n s i v e  i n  t e r m s  o f  
c o n s u m a b 1 e s , b u t  t  h e m e t  h o d i s p o t  e n t  i a 1 1  y v e r  y u s e f  u 1 .
3 . 1 . 3 .  C o n t in u e u s  e x t r a c t i o n  m ethods .
C o n t in u o u s  e x t r a c t i o n  methods app0 a r  t o  be an und 0 r u s 0 d 
f  o r  m o f  o r  g a n o h a 1 o gen e x t  r  a c t  i o n . T hey c a n Id e v e r y  
e f f e c t i v e  and a r e  g e n e r a l l y  much l e s s  l a b o u r  i n t e n s i v e  
and c h e a p e r  t o  p e r f o r m  th a n  o t h e r  methods.  C o n t in u o u s  
e x t r a c t i o n  methods i n c l u d e  sweep c o - d i s t i l l a t i o n  { 7 2 }  , 
Sox h 1 e t  ex t  r  a c t  i on and ex h a u s t  i ve s t  eam d i s t  i 1 1  a t  i o n . 
M u s i a 1 e t  a 2 „ { 7 3 > u s e d 8  o x h 1 e t  0  x t  r  a c t  i o n t  o 0  x t  r  a e t
□CPs and PCBs f  r  om human mi 1 k . I n t I t e i  r  met hocl, t h e  mi 1 k 
was s i m p ly  d i sp 0 r  s 0 d i n anh ydrous  sod i um su 1 pha 1 0  p r  i or  
t o  e x t r a c t i o n .  More r e c e n t l y ,  Bush e t  a I • { 7 4 }  f r e e z e -  
cl r  i e d h u m a n m i l  k s a m p 1 e s a n d th en  S o x h 1 e t  e x t  r  a c t  e d t  h e 
r e m a i n in g  m i 1 k s o l i d s .  8 0 x h 1 0 1  e x t r a c t i o n  i s  a v e r y  
t I to rough ex t r a c t i o n  method and i s no t  l a b o u r  i n t e n s i  v e .
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Th 0  e f  f  e c t i  ven ess  o f  t h 0  ext.ract:i .  on t o e h n i  que can g:i. ve  
r  :i. s 0  t o  " d i r t y "  samp 1 0 s , b u t  t h i  s may b 0  o f  f  s e t , t o  som0  
e x t e  n t , by a d s o r b in g  t h 0  m i l  k o n to  a s 0 10 c t i  v 0  adsiorbent  
p r i  o r  t  o Soxh10 1 0 x t  r a c  t  io n  ( s 0 0  S0 c t  i  on 3 . 2 . 2 . ) .
A v 0  r  y s .i m p 1 0  a n d 0 10  g a n t  m 0 1 h o d o f  0  x t  r  a c t  io n  f  o r  G C P s 
and RGBs i s  e x h a u s t i v e  steam d i s t i l l a t i o n  u s in g  a 
mod i  f  i e d  N i 0 1 s o n -K r  yg e r  ap p a r  a t  us ( see  S e c t i  on 3 . 2 . 1 . ) .  
Vei  t h  and Ki w us , who d 0 v e 1 op ed a mod i f  i ed Ni 0 1 so n -K ry g  e r  
a p p a r  a t  u s £ 7 5 > i n v 0  s t  i g a 1 0  d i t  s u s e i n t  hi 0  0  x t  r  a c t  i cd n o f  
o r g a n o h a l o g e n s  -from s e v e r a l  m a t r i c e s  (b u t  n o t  m i l k ) .  
Dur i n g cdp e r  a t  i o n  of  t h e  0 qui pm0 n t , t h 0  mat r  i x , wh i ch must  
be a q u eo u s ,  i s  b o i l e d  and t h e  condensed steam f a l l s  
t h r o u g h  a l a y e r  o f  s o l v e n t .  The s o l v e n t  e x t r a c t s  t h e  
steam v o l a t i l e s  (assuming t h e  steam v o l a t i l e  m a t e r i a l s  
e x h i b i t  f a v o u r a b l e  p a r t i t i o n i n g  b e h a v i o u r )  a f t e r  which  
t h e  c o n d e n s a te  r e t u r n s  t o  t h e  b o i l i n g  sam ple  v i a  a s iphon  
t u b e .  The s o l v e n t  i s  u s u a l l y  o f  low volume and q u i t e  
c l e a n  t h u s  o b v i a t i n g  f u r t h e r  c o n c e n t r a t i o n  oh c l e a n - u p  
b e f o r e  GC a n a l y s i s .  For  t h e s e  r e a s o n s ,  and t h e  
e x c e p t i o n a l  speed and s i m p l i c i t y  o f  t h e  t e c h n i q u e ,  steam  
d i s t  i l i a  t  i on sh ou 1 d b e t  h e met hi od o f  c hi cd i c e f  or  
o r  g an oh a 1 og en r  es  i d ue ex t  r  ac t  i on wh ©never p oss i b 1 e . V e i t  hi 
a n d K i w u s i  ri c  1 u d e d i  n t  h e i r  work a  com p a  r  i s o n cd f  t  hi e i r  
steam  e x t r a c t i o n  w i t h  a Sox hi l e t  e x t r a c t i o n  p l u s  F I  or  i s i  1 
c l e a n - u p  method f o r  e x t r a c t i n g  PCBs f ro m  c a t f i s h .  On 
i n s p e c; t  i n g t  hi e r  e s u 11 i n g g a s c hi r  cd rn a t  o g r  a m s , t  hi <e y n o t  e c:l a n 
i n c r e a s e  i n  s i z e  o f  t h e  e a r l y  e l u t i n g  F'CB peaks  r e l a t i v e
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t o  t h e  l a t e r  peaks i n  t h e  steam e x t r a c t  compared t o  t h e  
S o x h l e t  e x t  r  a c t .  "I" h e a la t  h o r s  a 11 r  i  b u t e d  t  h i s t  o t  h e 
g r  e a t  e r  r  e c o v e r  y o f  e a r  1 y c o n g e n e r  s u s i n g s t  e a m 
e x 1 1'” a c t  i o n . U n f  a r t  u n a t  e 1 y , t  h i  s m a y n o t  b e t  h e c a s e a n d 
as w i l l  be seen in  S e c t i o n  3 . 2 . 1 . ,  t h e  d i f f e r e n c e  i s  
p r  ob a b 1y due t  o p oor  e r  r  ec o v e r y  o f  t h e  1 a t  e r  e 1 u t  i ng 
peaks when u s in g  steam e x t r a c t i o n .  Cooke e t  a I » i 7 6 > 
f  ound t h a t  steam ex t r  a c t  i an of  PCBis f  rom f  a t  was v e r y  
i n e f  f  i c i e n t  a n d i t  wo u 1 d s e e m r  e a s a n a b 1 e t  o a s s la m e t  h a t  
t h e  most l i p o p h i l i c  c o n g e n e r s ,  which a r e  g e n e r a l l y  t h e  
l a t e r  e l u t i n g  c o n g en ers  on a gas c h r o m a to g r a m , would  
e xh i  b i  t  t h e  poorest:  r e c o v e r i  e s . The work c a r r i  ed o u t  on 
steam e x t r a c t i o n  methods f o r  m i l k  sam ples  d e s c r i b e d  in  
S e c t  i on 3 . 2 . 1 .  wou1d seem t  o con f  i rm t h i s  v i e w .  F u r t h e r  
drawbacks o f  t h e  method i n c l u d e  t h e  breakdown of  
h ex a c h l o r o c y c l o h  ex an e i somer s d u r i n g  ex t  r  ac t  i  on < see  
S e c t i o n  3 . 2 . 1 . 1 . )  and t h e  need t o  d e t e r m i n e  l i p i d  c o n t e n t  
by a s e p a r a t e  method.
3 . 2 .  E x p e r im e n t a 1 1 n v e s t  1 ga t i . o n o f  Organoc h l o r i  ne Res i d u e  
Ex t r a c t  i on Techni q u e s .
A n u m b e r  o f  c:l i f  f  e r  e n t  m i l  k e x t  r  a c t  i o n p r  o c e d u r  e s w e r  e 
i n v e s t i g a t e d  b u t  t h e  m a j o r i t y  were  found t o  be t i m e -  
c on sum i n g , 1 a b o u r - i  n t e n s  i ve an d ex p ens i ve  i n t  e r  ms of  
m a t e r i a l s ;  such methods w i l l  n o t  be c o n s id e r e d  h e r e .  Some 
p r o c e d u r e s  do not  permi t  t h e  r e c o v e r y  o f  l i p i d s  wh i ch 
means t h a t  a s u b -s a m p le  o f  m i l k  has t o  be a n a ly s e d  f o r
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•fat c o n t e n t .  F a r  t h e s e  r e a s o n s , a 1 1 e n t i o n  was -f□ c u s s 0 d 
0 n t  wo 0 x 1 1" ac t  i on m0 1 h ocl s s 0 x h a u s t  i v e  s 1 0 am d i s t  i 11 a t  i an 
and Sox h 10 1 0 x t r  a c t  :i. 0 1 1 .
E x h a u <3 1 i v 0  s t  e a m d i s t i l l  a t  i □ n d cd 0  s n cd t  p 0  r  m i t  t  h 0  
r e c o v e r y  o f  l i p i d s ,  b u t  t h e  s i m p l i c i t y  and c a s t  
e f f e c t i v e n e s s  o f  t h e  method made i t  v e r y  a t t r a c t i v e .  The  
m e t  I’D o d w a s f  o u n d t  o b 0  0  x t  r  0  m e 1 y 0  f  f  e c t  i v 0  f  cd r  t  h 0
e x t r a c t i o n  o f  many QCPs and PCBs f rom  w a t e r ,  b u t  as  w i l l  
ta e s e e n , i  t  was n o t  e f f e c t i v  e f  o r  t  h 0  e x t  r  a c t  i cd n o f
h i g  I d 1 y c h 1 o r  i n a t  e d P C B s f  r  o m m i l  k a n d c: a  u s e cl t  I d e
b r  ea k down cDf h ex ac h 1 o r  ac y c 1 oh ex an 0  i somer s and s o ,
u n f  o r  t  u td a t  e 1 y , t  I’D e m e t  h o d h a d t  o b e a b a n d o n e d .
S o x h l e t  e x t r a c t i o n  i s  a v e r y  w e l l  e s t a b l i s h e d  t e c h n i q u e  
and g i v e s  v e r y  th o ro u g h  s o l  v e n t / m a t r i x  c o n t a c t .  
Furthermore:*, t h e  e x t r a c t i n g  s o l v e n t  i s  h o t  which a i d s  
e x t r a c t i o n  bu t  may cause breakdown o f  t h e r m a l l y  l a b i l e  
m ater  i a l s . Box h 1e t  ex t r a c t  i on was f  i n a l 1y a d o p te d  as t h e  
e x 1 1"’ a c t  i on m e t  h o d d u e t  o t h e  a d v a n t  a ges o f  l i p i d  
r e c o v e r y ,  s i m p l i c i t y  and t h e  p a r t i a l  c l e a n - u p  p r o v i d e d  by  
tIde ad sorp  t  i on o f  t h e  mi 1 k o n to  a s e l  ec t  i ve s u b s t  r a 1 0  
b 0  f  o r  0  e x t  r  a o t  i  o n .
3 . 2 .  1. Ex h a u s t  i ve? s t  earn d i s t  i l l  a t  i o n .
The equ i  pment used was d 0 s c r  i bed by V0  i th  and K i wus i 753’
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Figure 10. Steam Extraction Apparatus 
NOT TO SCALE
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s □ 1 v e n t  c a p a c i  t  y o f  a b o la I: 4 m 1 . D la r  i n g o p e r  a t  i o n o f  a n
e x t r a c t o r ,  t h e  aqueoLAS l i q u i d  t o  be e x t r a c t e d  i s  p l a c e d  
i n a r  o la n d b o 11 a m e d f  1 a s k ( F!; B F ) . T h e e x t  r  a c t  o r  i s p 1 a c e d
0 n t  □ p o f  t  h e f  1 a is k la s  i  n g g r  o u n d g 1 a s s f  i 11 :i. n g s . T h e 
d r  a 1 n s t  o p c o c k i  s c 1 o s e d a n d c 1 e a n g 1 a s s -  d i  s 1 1 11 e d w a t  e r  
i s  p o u r e d  i n t o  t h e  t r a p  u n t i l  t h e  l e v e l  i s  j u s t  p a s t  t h e  
b o t t o m  o f  t h e  r e t u r n  s i p h o n *  The c o n d e n s e r  w a t e r  i s  t h e n  
t u r n e d  o n . The e x t r a c t i  ng so 1 v e n t  may be  p 1 a ce d  e i  t h e r  i  n 
t h e  RBF and a l l o w e d  t o  d i s t i l  o v e r  and c o n d e n s e  i n t o  t h e  
t r a p  , o r  i  t  may be p 1 a c e d  d i r e c 1 1 y i n  1h e t r a p  by  r lan n i n g  
i t  down t h e  i n n e r  c o n d e n s e r  w a l l  o f  t h e  e x t r a c t o r .  T h i s
1 a 11  e r  met hod i  s v e r  y u s e f  la 1 f o r  quan t  i  t  a t  i  ve  wor k s i  nc e  
i f  an i n t e r n a 1 s t a n d a r d  i s  i n c o r p a r a t e d  i n  t h e  e x t r a c t i n g  
s o l v e n t  added  i n  t h i s  w a y ,  a n y  l o s s e s  o f  t h e  e x t r a c t  on 
re m o v a l  f r o m  t h e  e x t r a c t o r  a r e  c o m p e n s a te d  by t h e  
i n t e r n a l  s t a n d a r d . T h i s  a v o i d s  t h e  need t o  wash t h e  
e x t r a c t o r  w a l l s  down i  n t o  t h e  ex t r a c t .  I f  t h e  i n t e r n a 1 
s t  and a r  d so 1 lat  i on w er  e added  t  o t  he RBF i  n s t  ead o f  t  h e 
t r a p ,  a c c o u n t  wo la I d  h a v e  t o  be t a k e n  o f  t h e  r e c o v e r y  o f
t  h e i  n t  e r  n a 1 s t  a n d a r  d i  t  s e 1 f  wh i  c h c o u 1 d b e a s o la r  c e o f
cons  i d e r  a b 1e e r  r  o r .
Th e s a m p ie  i  n t  h e RBF i  s t  It en b o i l e d  an d t  h e s t  eam
co n t  a i n i n g t  h e v o 1 a t  i  1 e s c o n d e n s e s a n d f a l l s  t  h r  o la g h t  h e
e x t r a c t i n g  s o l v e n t .  The  d i s t i l l a t e ,  a f t e r  e x t r a c t i o n  by  
the? s o l v e n t  l a y e r ,  r e t u r n s  v i a  t h e  s i p h o n  t o  the? RBF.
A s s e s s m e n t  o f  e x t  r  a c t  o r  f  la n c t  i  a n w a s c a r  r  i  e d o u t  w i t  h
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b o t  h s p i I :: e d w a t  e r  a n d s p i k 0  d m i l  k ( c o w ' s a n d h u m a n )
samp 1 e s « A l l  s o l v e n t s  used were o f  HPL..C g r a d 0 .
Ex p e r  i ment. 1.
The -f i r s t  e x p e r i  m0 n t  was c 0 nduc t 0 d as d0 s c r i  b 0 cl b0 1 aw 
u s i n g o n l y  sp i k 0  d m i 1 k i n o r  d 0  r  t  a a b t  a i n a p r  0 1 i  m :L n a r  y 
q u a l i t a t i v e  assessment  o-f t h e  t e c h n i q u e .  PCBs w ere  used  
a s t  h 0  t  e s t  a n a 1 y 1 0  s .
F i v e  sam ples  were e v a l u a t e d  as  - fo l lo w s :
1) n - H e p ta n e  ( 4 . 0  ml) c o n t a i n i n g  a p p r o x i m a t e l y  150  
pg m l " 1 o-f A r o c l o r  1242 was p i p e t t e d  i n t o  a c l e a n  250  ml 
RBF and t h e  h e p ta n e  was g e n t l y  removed on a r o t a r y
e v a p o r a t o r .  Cow's m i l k  (15  ml) was added,  s w i r l e d  i n  t h e
• f lask  and th en  s o n i c a t e d  -for 10 m in u te s  t o  i n c o r p o r a t e  
t h e  PCBs i n t o  t h e  mi 1 k . G1 a s s - d i  s t i 1 l e d  w a te r  ( 1 2 0  ml)  
w a s t  h e ri a d d e d p 1 u s a -f e w a n t  i -- b u m p i n g g r  a n u 1 e s . C1 e a n 
h e p t  a n e ( 4 . 0  ml) w a s p i p e t  t e d  i n t  o t  h e -f 1 a s k a n d t  h e 
sample  was b o i l e d  v i g o r o u s l y  -for two h o u rs .  The h e p ta n e  
l a y e r  was th e n  c o l l e c t e d  -from t h e  e x t r a c t o r  and ana 1 ysed  
u s i  ng c ap i l l  a r  y GC--FID.
2) As -for sample  1 b u t  u s in g  n - h e p t a n e  ( 4 . 0  ml)  
con t a i  n i ng appr  ox i mat e 1 y 150 ;„ig m 1 " 1 Ar oc 1 o r  1248 as t  he  
sp i  ke .
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3) A s f  o r  s a m p 3. e 1 b u t  u i:;> i n g n h e p t  a n e ( 4 .  0 m 1 )
c an t  a i  n i ng a p p r  o i d m a t  e 1 y 150  pg  m 1 “ 1 Ar oc 1 o r  1 26 0  as  t h e  
s p i k e .
4 )  As -f o r  samp 1 e 1 b u t  u s i  ng n - hep t  a ne  < 4 .  0 m 1) 
c o n t a i n i n g  a p p r o x i m a t e l y  50  pg m l ” 1 o-f e ac h  o-f A r o c l o r  
1 2 4 2 ,  A r o c l o r  1 24 8  and A r o c l o r  1260  ( i . e .  a t o t a l
c o n c e n t r a t i o n  o-f a b o u t  150  jug m l ” 1 ) as  t h e  s p i k e .
5 )  U s i n g  b l a n k  n - h e p t a n e  as  t h e  s p i k e .
The  GC—F I D  c o n d i t i o n s  w e r e  a s  - f o l l o w s :
Co lum n:  25m CP S i  1 5 0 . 3 5  mm i d  0 . 1 6  pm f i l m .
P r o g r a m :  8 5 c>C -for  1 m in .  5 tr-’C m in ...1 t o  200'-'C. H o l d .
I n j . / D e t .  t e m p . : 2 5 0 ~ C .
C a r r  i e r : H e l i  urn a t  8 p . s . i .
I n j e c t i o n :  I p l  s p l i t  a p p r o x .  1 : 5 .
I  n s t  r  u rn e n t : P e r  k i  n -  E lm e r  S igm a 3 gas  c h r  o m a t  o g r  a p h .
The  c h r o m a t o g r a m s  p r o d u c e d  by t h e  s a m p l e s  w e r e  com pared  
d i  r e c 1 1 y t o  t h o s e  p r o d u c e d  by  t h e  o r  i  g i  na 1 s p i  k i  ng 
s o l u t i o n s .
No t e .  Cow's  m i l k  was used i n s t e a d  o f  human m i l k  f i r s t l y  
bec au se  i t  i s  more r e a d i l y  a v a i l a b l e  and s e c o n d l y ,  u s in g  
t h e  above  m ethod ,  c o w 's  m i l k  would n o t  n o r m a l l y  c o n t a i n  
d e t  ec t  ab 1 e 1 eve  1 s o f  □ CPs an d PCBs.
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R e s u I t s  and d i s c u s s i o n .
The h e p t a n e  d i s t i l l e d  o v e r  and - f lo a t e d  in  t h e  t r a p  as  
e x p e c t e d .  Steam c o n t a i n i n g  t h e  v o l a t i l e  m a t e r i a l s  th e n  
condensed and - f e l l  th r o u g h  t h e  h e p ta n e  l a y e r  p e r m i t t i n g  
e x t  r  a c t  i  o n . A n  u m I::) e r  o -f c o n c 1 u s i o n s w e r  e d raw n -f r  o m t  h e 
above e x p e r i m e n t .  F i r s t l y ,  t h e  m i l k  te n d e d  t o  - f ro th  v e r y  
b a d l y  and even b o i l  o v e r  i n t o  t h e  e x t r a c t o r s 5 t h i s  was 
p r o b a b l y  due t o  t h e  p r o t e i n s  i n  t h e  m i l k .  F u r t h e r  work  
r e v e a l e d  t h a t  s im m e r in g  t h e  mi 1 k g e n t l y  -for 45  m in u te s  
p r i o r  t o  b o i l i n g  p r e v e n t e d  e x c e s s i v e  - f r o t h i n g ,  p r o b a b l y  
by d en a t  u r  i n g t  h os p r  a t  e i n s .
I t  was c l e a r  -from a com par ison  o-f t h e  c a p i l l a r y  GC 
c h rom atogram s produced  by thos sam ples  and t h e  s p i k i n g  
s o l u t i o n s  t h a t  recov osr ie s  became p r o g r e s s i v e l y  p o o r e r  -for  
t h o s e  PCD c o n g e n e r s  h a v in g  l o n g e r  r e t e n t i o n  t i m e s .  The 
l a t e r  e l u t i n g ,  h i g h e r  c h l o r i n a t e d  and t  h e r  e-faros more 
1 i pophi  1 i  c PCB c o n g e n e rs  w ere  n o t  e - f f e c t i  ve  1 y osx t ractosd  
•from t h e  m i l k .  T h i s  can be seen i n  Figures 11 which shows  
t h e  chrom atogram  -f o r  t h e  ex t r  a c t  o-f t h e  mi 1 k sp i ked wi t h  
t h e  t r i  p 1e A r o c l o r  mix (sam ple  4 a b o v e ) t o g e t h e r  wi t h  
t h a t  -for thos o r i g i n a l  s p i k i n g  s o l u t i o n .  No i n t e r n a l  
s t a n d a r d  was used b u t  e s t i m a t e s  o f  r e c o v e r i e s  were  
appr  ox i mat e 1 y 607. -f o r t  h 0  I ower ch 1 o r  i n a t  ed c o n g en er  s and 
around  0 7. f  o r  t  h e h i g h e r  c h 1 o r  i n a t  e d P C B s . T h e s e v a 1 u e s 
a r e  m e r e l y  e s t i m a t e s  and d i f f i c u l t i e s  w i t h  t h e  m i l k s  
b o i l i n g  o v e r  i n t o  t h e  e x t r a c t o r s  may have a d v e r s e l y
Spiking solution
Spiked milk extract






a f f e c t e d  t h e  r e c o v e r i e s .
T h e re  w ere  a few  s m a l l  peaks in  t h e  b l a n k  m i l k  bu t  t h e s e  
were  o f  m in o r  s i g n i f i c a n c e .  A11 t h e  e x t r a c t s  sme 11 m u s ty .
Thie r e a s o n s  f o r  t h e  1 oss o f  t h e  h i gher  c h i l o r i n a t e d  
c o n g e n e r s  are? n o t  c l e a r  a t  t h i s  s t a g e  b u t  i t  was t h o u g h t  
t  h a t  t  h e mos t  1 i k e 1 y ex p l a n  a t  i on was t  h a t  t  hi e m i 1 k 
c o n s t  i  t  u e n t  s , p a r t i  c u 1 a r  1 y t  hi e 1 i p i d , r  e t  a i  n e d t  hi e hi i g h e r  
c h l o r i n a t e d  m a t e r i a l s  e f f e c t i v e l y  r e d u c in g  t h e i r  vapour  
p r e s s u r e s  and thius h i n d e r i n g  steam e x t r a c t i o n . 11 w a s ,
hi owever  , con s i d e r  e d t  hi a t  t  h e hi i g h e r  c h 1 □ r  i n a t  e d P C B s
c o u ld  have  been l o s t  d u r i n g  r o t a r y  e v a p o r a t i o n  o f  t h e
s p i k i n g  s o l u t i o n  or  r e t a i n e d  by b i n d i n g  t o  t h e  f l a s k
w a l l  s b u t  s u c hi e x p la n  a t i o  n s w e r  e t  h o u g hi t  u ri l i k e l y -  In  
o r d e r  t o  exa m in e  t h e  cause  of  t h e  l o s s e s ,  f u r t h e r  
e x p e r i  ments  w ere  c o n d u c t e d .
Expe r  i, ment 2-
The a im o f  t h i s  e x p e r i m e n t  was t o  c o n f i r m  t h a t  PCBs a r e  
steam v o l a t i l e  and c o u ld  be e x t r a c t e d  u s in g  t h i s  
a p p a r  a t  u s u n d e r  s u i  t  a b 1 e c o n d i t  i  o n s . T hi e o p p o r  t  u n i t  y w a s 
a l s o  t a k e n  t o  r e p e a t  t h e  e x t r a c t i o n  o f  s p i k e d  m i l k  i n  
o r d e r  t o  r e a s s e s s  r e c o v e r i e s .  S ix  sam ples  w ere  e x t r a c t e d  
as f o l l o w s :
1) n- H e p ta n e  ( 4 . 0  ml)  c o n t a i n i n g  a p p r o x im a t e  1 y 50 ,ug m 1 1
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□ f  each o f  Ar oc 1 a r  1242 , Ar o c l o r  1248 a nd Ar □ c 1 o r  126 0
was p i p e t t e d  i n t o  a 250  ml RBF. The s o l v e n t  was g e n t l y  
removed in  a r o t a r y  e v a p o r a t o r .  Cow's  m i l k  (15 ml) was 
a d d e d a n d t  h e f 1 a s k w a s s o n i c a t  e d f  o r 10 m i n li t  e s . 
G1 a s s -  d i s t i l l e d  w a t  e r  (85  ml) w a s a d d e d t  o g e t  h e r  w i t  hi 
h e p ta n e  < 4 .0  ml) and a -few a n t i - b u m p i n g  g r a n u l e s .
2) A d up1 i c a t e  o f  samp1e 1 was p r  epa r  e d .
3) A b l a n k  m i l k  sample  was p r e p a r e d  as -for sample  1 bu t
u s in g  h e p ta n e  ( 4 . 0  ml)  i n  p l a c e  o f  t h e  A r o c l o r  s o l u t i o n .
4) The t r i p l e  A r o c l o r  mix < 4 .0  ml)  was p i p e t t e d  i n t o  a 
250 ml RBF. G l a s s - d i s t i l l e d  w a te r  <100 ml) was added  
t o g e t h e r  w i t h  a -few ant i~*bumping g r a n u l e s .
5) A d u p l i c a t e  o-f sample  4 was p r e p a r e d .
6) A b l a n k  w a te r  was pr  e p a re d  by p 1ac in g  g 1a s s - d i  s t  i 11ed 
w a te r  (100  ml) i n  a 250  ml RBF.
The sam ples  were simmered g e n t l y  -for 45  m in u te s  t o
p r e v e n t  e x c e s s i v e  - f r o t h i n g  o f  t h e  m i l k  th e n  a l l  sam ples
were b o i l e d  more v i  gor  ou s 1y f o r  t  wo hour  s . The h ep t  ane  
e x t r a c  t  s w e r  e t  hi e n e x a m i n e d by c a p i l l  a r  y G C a s i n 
e x p e r im e n t  1.
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Resu l_t s _ and d i s»cuss:i. o n .
T h e a to s o 1 u t  e r  e c o v e r i e  s f □ r  t  h e 0  x t rac ts#  c a u l  d no t  to e 
d0 1 0 rmi  n 0 d a c c u r a 1 0 1 y s i  nc 0  n□ i n 1 0 rn  a 1 s#t and a rd  was u s 0 d 
tout i t  was c 1 0 a r  -from t h 0  r 0 p 1 i c a 1 0 s t h a t  t h 0  r e c o v 0 r  i 0 s# 
■from t h e  m i l k s  t o r  t h e  lo w e r  c h l o r i n a t e d  c o n g e n e rs  was 
a b o u t  857 ., d rop  p i n g t  o a to o u t  407. f  o r  m o d 0  r  a 1 0 1 y 
c h i  o r i  n a t  ed PCBs and - f i n a l l y  -f a 11 i n g t  o n e a r l y  07. f  o r  t  h 0  
most h i g h l y  c h l o r i n a t e d  compounds. These r e c o v e r i e s  
r  e p r  e s e n t  ed a s i g n i f  i c a n t  i mp r  o vem0 n t  o v e r  t  hos 0  o to t  a i n 0 d 
i n  e x p e r i m e n t  1 and t h e  i n c r e a s e  was# a lm o s t  c e r t a i n l y  due  
t o  t h e  c a r e  t a k e n  i n  n o t  a l l o w i n g  t h e  sam ples  t o  b o i l  
o v e r .
Th 0  m i l k  to1 an k c o n t a i n  ed a few  sma11 pea k s .
The w a t e r  s p i k e s  w ere  v i r t u a l l y  i n d i s t i n g u i s h a b l e  f rom  
t  h 0  o r  i g i  n a 1 s p i k i n g s o 1 la t  i o n w i t  h e s s e n t i a l l y  1007. 
r e c o v e r y  f o r  a l l  p e a k s . The w a te r  to1 ank d i s p 1 ayed no 
s i g n i f i c a n t  p e a k s .
Hence ,  i t  was# seen t h a t  t h e  PCBs# were a l l  steam v o l a t i l e  
and s t e a m - e x t r a c t e d  w e l l  f rom  w a t e r .  However ,  i t  was 
c 10  a r  t  h a t  s# o m 0 1 h i n g i n t  h e m i l  k h 0 1 cl t  h 0  h i g h 0  r  
c: h 1 o r  i n a 1 0  cd c o n g e n e r  s to a c k o r  , a 11 e r  n a t i v e l y ,  s;> o m 0 1 hi  n g 
i n  t h e  p r e p a r a t i o n  o f  t h e  m i l k  s p i k e s  caused l o s s  o f  t h e  
h i g h 0  r  c h 1 o r  i n a 1 0  d c o m p o n e n t  s «
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Gas chrom atogram s o f  a m i l k  s p i k e ,  a w a te r  s p i k e  and t h e  
or  i g i na 1 sp i k i ng s cd 1 u t  i cdn can be seen i n F i  gur  e 12.
Exp e r_i m e n t  3 .  _
l'n o r d e r  t o  d e t e r m i n e  i f  t h e  e v a p o r a t i o n  o f  t h e  n - h e p t a n e  
s p i k i n g s cd 1 u t  i o n u s i n g a r  cd t  a r  y e v a p o r  a t  cd r  c a u s e d t  Id e 
1 o s s cd f  t  h e h i g h e r  c h 1 cd r  i n a t  e d c cd n g e n e r  s , t  I d e S 0 + 5 0 + 
50 pg ml"'1 mix o f  t h e  t h r e e  Ar o d o r s  ( 2 . 0  ml) was added  
t cd a 250 ml RBF-". The s o l v e n t  was e v a p o r a t e d  t h o r o u g h l y  
and h e p ta n e  ( 2 . 0  ml) was added t o  r e - d i s s o l v e  t h e  
r e s i d u e .  The sample  was th e n  a n a ly s e d  by GC as i n  
e x p e r im e n t  1 t o g e t h e r  wi t h  t h e  o r i  g i  n a 1 sp i  k i  ng s o 1u t i  o n .
R e s u l t s  and^ d i s c u s s i  o n .
T h e e v  a p o r  a t  e d s a rn p i e  s h cd w  e d n cd s  i g  n i f  i <:: a i d t  d i s t  o r  t  i cd i d cd f  
t h e  RGB p a t t e r n  and i n  f a c t ,  any l o s s e s  t h a t  d i d  o c c u r ,
I d cd w e v e r  s 1 i g h  t , a p p e a r  e c i t  o b e cd f  t  I d e 1 cd w  e r  c I d 1 cd r  i n a t  e c l , 
more v o l a t i l e  co n g e n e rs  as  may be e x p e c t e d .
So i t  ap p eared  t h a t  t h e  poor  r e c o v e r y  o f  t h e  h i g h e r  
cId 1 or. i .nated PCBs in  m i l  k sp i  kes was in d e e d  due t cd 
r  e t  e n t  i o n b y m i l  k c o m p o n e n t  s . S u b s e q u e n t  e x p e r  i in e i d t  s w e r  e 













E x p e r im e n t  4 .
“1“ h e - f i r  s t  a 11 e m p t  t  □ r  e l  e as e  t  I'D e b o u n d P C B s m ade u s e □ f  
su 1 p h u r i  c a c i d  t o  t r y  t o  d e g ra d e  whi c h e v e r  component o-f 
t  h e m i l k  w a s r e s p o n s i  b 1 e -f o r  t  h e b i n d i n g . I  r  i  g 1 y c e r  i  d e s 
a n d p o s s i  b 1 y p r  cd t  e i id  is  w  e r  e c a n s i c:l e r  e d t o  b e t  h e m cd s  t  
l i k e l y  c a n d i d a t e s  f o r  c a u s in g  t h e  r e t e n t i o n  and both  of  
t  I'D e s e w cd u 1 d b e h y d r  o 1 y s e d b y t  I d e a c t  i o n cd f  s t  r  cd i d g a c i d .  
I t  was a p p r e c i a t e d ,  h o w e v e r ,  t h a t  t h i s  t r e a t m e n t  would  
p r cdbab 1 y d eg r  ade c e r t  a i  n 0 GPs shou 1 d t h e y  be i nc: 1 uded as  
a n a 1y t  es  a t  a 1 a t  e r  s t a g e .
S i x samp1es wer e p r  ep a r  ed as f o l l o w s !
1) The SO + 50 + 50  pg ml""1 A r o c l o r  1242 + 1248 + 1260  
s o l u t i o n  i n  n - -heptane  ( 4 . 0  ml) was p i p e t t e d  i n t o  a 250  ml 
RE<F and t h e  s o l v e n t  was g e n t l y  removed u s in g  a r o t a r y  
e v a p o r a t o r .  Cow's  m i l k  (15  ml) was added and t h e  f l a s k  
w a s s o n i c a t  e d f  cd r  10 m i n u t  e s . C o n c e i d t  r  a t  e d s u 1 p I d u  r  i c a c i d 
(2 ml)  was added s l o w l y  and t h e  sample  was s w i r l e d  f o r  1 
m in u t e .  D i s t i l l e d  w a t e r  (85  ml) was th e n  added t o g e t h e r  
w i t h  h e p t  a n e ( 4 .  0 ml) a n d s cd m e a n t  i -■ b u m p i n g g r  a i d u  1 e s .
2) A d u p l i c a t e  o f  sample  1 was p r e p a r e d .
3) A w a t e r  s p i k e  was p r e p a r e d  as in  1 above by 
s u b s t  i  t  u t  i i’D g g 1 a s s -  d i s t i l l e d  w a t  e r  f  o r  t  h e m i 1 k .
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4) A dup 1 i c a t e  cd f  3 a b c dve was p r e p a re d  .
5) A b l a n k  m i l k  was p r e p a r e d  as in  1 abcDve b y
s u b s t  i  t  u t  i  n g  b 1  a n  k I'D ep t  a n e f  o r  t h e  Ar c d c  1  cdr  s cd 1 u t  i o n .
6)  A w a t e r  b l a n k  was p r e p a r e d  as i n  3 above by
s u b s t i t u t i n g  b l a n k  h e p ta n e  -for t h e  A r o c l o r  s o l u t i o n .
A l l  s a m p 1 e s w e r  e s i m m e r  e d g e n 1 1 y f  cd r  4 5 m i n u t  e s i n cd r  d e r
t o  a v o id  e x c e s s i v e  ■ f ro th in g  o-f t h e  m i l k  ( a l t h o u g h  t h e
a c i d r  e d u c e d t  h e -f r  o t  h i n g o -f t  h e m i l k  c cd n s i d e r  a b l y )  . T h e
sam p les  were th e n  b o i l e d  more v i g o r o u s l y  f o r  a f u r t h e r  
two h o u r s .  The h e p ta n e  e x t r a c t  was th e n  c o l l e c t e d  and
a n a ly s e d  by GC t o g e t h e r  w i t h  t h e  o r i g i n a l  s p i k i n g  
s o l u t i o n  as  i n ex p e r  i men t  1.
R e s u l t s  and d i s c u s s i o n .
T I'D e a c i d  c: a u s e d b r  o w id  i n g o f  t  h e m i 1 k b u t  r  e d u c e d f  r  cd t  Id i id  g 
on b o i l i n g .
The m i l k  b 1 ank s o 1u t i o n  was c l e a r  on v i s u a 1 i n s p e c t i o n  
b u t  s m e l l e d  musty and gave an e x t r e m e l y  " d i r t y "  
c h rom atogram .  The w a t e r  b l a n k ,  on t h e  o t h e r  hand,  was 
v e r y  c l e a n .  Both b 1 a n k c I'D r  cd m a t  cd g r  a m s c a i d b e s e e n i n 
F i g u r e  13.











0 n G C 0  x a m i n a t  i o n b u t. i n c: o n t  r  a s t , t  h 0  m i 1 k 0  x t  r  a c t  s 
s h oiai0 d no i mpr o v 0 m0 nt  i n r 0 c ov 0 r y of  PCBs wi t h t h 0  s a m0  
m ark 0 d c u t - o f f  o f  t h 0  h i g h 0 r  c h 1 o r i n a t e d  cong 0 n0 r s  in  
e v i d 0  n c 0 « F u r  t  h 0  r  m o r  0 , t  h 0  a c i  d d 0  g r  a cl a t  i  o n o f  t  h 0  m i l  k 
g a v 0 r  i s 0 t o  s 0 v 0 r a  1 i n t e r  f  0 r  i ng p0 a k s . Th0 c:hromatograms  
f o r  a w a t e r  e x t r a c t ,  a m i l k  e x t r a c t  and t h e  o r i g i n a l  
s p i k i  ng s o l u t  i on a r e  shown i n F i  g u r 0 1 4 .
In  c o n c l u s i o n ,  t h e  a c i d  t r e a t m e n t  d i d  no t  r e l e a s e  t h e  
bound PCBs f r  om t  h e m i l k  an d t  h 0  b r  eak down o f  t  h 0  m i 1 k 
g a v 0  r i  s 0  t o  s 0 v 0 r a  1 i  n 1 0 r f e r i  ng p0 aks i n t h 0  mi 1 k 
e x t r a c t  c h ro m a to g ra m s .  In  v ie w  o f  t h i s ,  a d i f f e r e n t  
ap p ro ac  h was t  a k 0 n u s i  ng a I k a 1 i n0  deg r  a d a t  i on of  t h e  
m i l k .
Ex p e r  i ment: 5 .
1 n t  h i s 0  x p 0  r im e  n t , s o d i u m h y cl r  o x i cl 0  w a s used t  o d 0  g r  a d 0  
t h e  m i l k  w i t h  t h e  hope o f  r e l e a s i n g  t h e  bound PCBs. 
E x p e r im e n t  4 was r e p e a t e d  f o r  t h e  c o w 's  m i l k  sam ples  o n l y  
a n d r  e p 1 a c i n g t  h 0  2 m 1 a f  t  h 0  c o n c 0  n t  r a t e d  a c i cl w i t  h 10 
m 1 o f  0 . 1  M s o d i u ft) h y d r  o x i d 0  s o 1 u t  :i. o n . A g a in ,  t  h i s 
t r e a t m e n t  would  be e x p e c t e d  t o  d e g ra d e  a number o f  OCPs.
R 0  s u 11. s a n d d i s c la s s i o n .
T h e b 1 a n k w a s c 10  a n 0  r  o n c h r  o m a t  o g r  a p h i c 0  x a m i n a t  i o n t  h a n 









Figure 14 (contd.) *■----     *---------------- ■---------------- ■........ ... . ■ ■-»
lo 25 2Q • • ^ • 15 10Mms. after injection
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d e g r a d a t i o n ,  b u t  t h e r e  were  s t i l l  a number o f  i n t e r f e r i n g  
p e a k s .
T h e r  e c o v e r  i e s o f  h i g h e r  c h 1 o r  i n a t  e d P C B s r  e m a i n e d 
unchanged by t h e  a 1 ka 1 i ne hyd ro  1 y s i  s , Chromatograms f o r  
t  h e b 1 a n k , a m i l k  sp i k e an d t  h e sp i  k i ng s o 1u t  i □n c an b e 
seen i n F i  g u r e  15.
S a p o n i f i c a t i o n  o f  m i l k  t r i g l y c e r i d e s  i s  commonly c a r r i e d  
o u t  u s in g  p o t  ass  i urn h yd r  o x i  d e r  a t  h e r  t  h an sod i  urn 
hydrox  i d e . 11 was dec i ded t o  use a more s t r o n g  3. y a 1 ka 1 i ne
medium th a n  had been p r o v i d e d  by t h e  0 . 1  M sodium
h y d r o x i d e  i n  e x p e r i m e n t  5 .  To t h i s  end ,  4 N p o ta s s iu m
h y d r o x i d e  (15  ml)  was used b u t  b e f o r e  c o n d u c t in g  a 
s p i k i n g e x p e r  i  m e n t , i t  w a s r  e a 1 i s e d t  h a t  t  h e f  o r  m a t  .i. o n o f  
s o f t  soap may w e l l  cause e x c e s s i v e  f r o t h i n g  so a 
p r  e 1 i mi n a r y  ex p e r  i ment t  o ass ess  t  h i s  p r  o b 1e m was c a r r  i ed 
o u t :
Cow's  m i l k  (15  ml)  was p la c e d  i n  a 250  ml RBF. 4 M KGH 
(15  ml)  was added w i t h  s w i r l i n g  and t h e  sample  was 
a 11 o w e d t  o s t  a n d f  o r  3 0 m i n u t  e s a f  t  e r  w h i c h t  i m e i t  h a d 
become v e r y  s o a p y .  G l a s s - d i s t i l l e d  w a te r  (70  ml) was 
a d d e d t  o g e t  h e r  w i t  h a n t  i -  b la m p i n g g r  a n la 1 e s a n d h e p t  a n e
( 4 . 0  ml ) .  An ex t r a c t o r  was p i  aced on to p  o f  t h e  RBF and
t h e  1 i qui d was bo i  1 e d . I mined i a t e l  y , t h e  mi x t u r e  f  r o t h e d
H H
Spiking solution
33 3 3 3 3 E
Spiked milk extract o
P H - p — ( - - p 11
Milk blank
£
Figure 15. 20 "TIT
Minutes after injection
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v i cd 10 n 1 1 y b u t  a n a d d i  n g 1 . 5  g a f  CaCl r„> . 2H-.41) - f ro  t  h i  n g w a s
m u c h r  e d u c e d a n d e x t r a c t i o n  c a a 1 d b os c a r  r  i  0 d o u t
u n i m p e d e d -
"I" h 0 s p  :i. k :i. n g os x p 0 r  i m os n t  w a s t  h 0 n c a n d u c 1 0 d u s i  n g c o w ' s
m i l k  cd n 1 y . T h r  0 0 s a m p 10 w os r  0 p r  e p a r  e d s
1) Thos a p p r o x i m a t e l y  5<!> + 5 0  •+• '5 0  jjg  m l  1 A r o c l o r  124 2  +
1 24 8  ■+• 126 0  s o l  u t  i  on i  n h e p t a n 0 ( 4 . 0  m l )  was p i  p 011ed
i n t o  a 2 5 0  ml RBF and t h e  s o l v e n t  was g e n t l y  rem oved  
u s i n g  a r o t a r y  e v a p o r a t o r .  C o w 's  m i l k  ( 1 5  m l )  was addosd 
and thos f l a s k  was s o n i c a t e d  f o r  10 mi n u t  os s .  4 li KDH 
( 1 5  m l )  was added  w i t h  s w i r l i n g  and t h e  samples was 
a 11 owec:l t o  s t a n d  f a r  3 0  minutoss . G1 a s s - d i s t i l  10d wa10 r  
( 7 0  m l )  was added  f o l l o w e d  by 1 . 5  g o f  CaCl  =■:. 2H:.-»0 t o  
p r  ec i p i t  a t  e t  h 0 soap an d c r a c  k t  h e os mu 1 s i on . A f  e w an t  i ~ 
b i.i m p i  n g g r a n  u 1 e s w os r  0 a d d 0 d t  o g 01 h e r  w i t  h 4 . 0  m 1 a f  
hep t a n  os.
2 )  A d u p l i c a t e  o f  samples 1 was p r e p a r e d .
3 )  A b 1 ank  m i l  k was p r 0p a r e d  by s u b s t  i t u t  i ng heptants  ( 4 .  0 
m l)  f o r  t h e  A r o c l o r  m i x t u r e  i n  samp 1 os 1.
T h 0 s a m p 1 0 s w e r  e e x t  r  a o t  os d f  o r  tw o  h o u r  s a f  1 0 r  w h i c h t  i m e 
t  h e h e p t  a n © os x t  r  a c t  s w e r  os a n a 1 y s 0 d t  o g os t  h 0 r  w i  t  h 1h os 
s p i k i  n g s cd 1 u t  i  cd n u s i n g G C a s i  n os x p e r i  m e n t  1.
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R e s u II. i  s and d i s c u s s :i. o n .
F r  o t. h i n g w a s m i n i m a 1 a n d d i d n □ t  h i n d 0  r  t  In e 0  x t  r  a c t  i o n
p r o c e s s .
No im provm ent  i n  r e c o v e r y  was o b s erved  and t h e  e x t r a c t s
e x h i b i t  e d t  h e s a m e c u t  -~- o f f o -f t  h e h i g h e r  c h 1 o r  i  n a t  e d P C B s
as b e - fo re .
8 li r  p r  i s i n g 1 y , t  h e b 1 a n I-:: w a s v e r y  c 1 e a n w i t  h a n 1 y a -f e w
s m a l l  p ea ks  i n  e v i d e n c e ;  t h i s  may have been due t o  t h e
p r  e c i p i  t  a t  i o n o -f s o m e o -f t  h e m i 1 k b r  e a k d a w n p r  o d u c t  s b y
t  h e c a 1 c i u m c h 1 o r  i d e .
E;|per i men t  7_._
C h a n g -Y  e n a n d 8 a m p a t  In -C "775 c 1 a i m e d t  In a t  t  In e a d d i t  i o n o -f 
o x a l i c  a c i  d t  o e s t  u a r i n e  s e d i m e n t  s p r i o r  t  cd e x t  r  a c t  i o n b y 
s t  e a m d i  s t  i l l a t i o n  e n In a n c e d t  h e r" e c cd v e r  i e s cd f  c e r  t  a i n 
or  gancDch 1 o r  i ne m a te r  i a l s  by v i  r  t u e  CD-f i t s  s i  i gin t  reduc  i ng 
p r  o p'e r  t  i e s and i  t  s a c i d i t  y a c t i n g  o n v a r  i o u s c cd m p cd n e n t  s 
o-f tIne m a t r i x  t o  r e  1 e as e  tIne ana 1 y t e s . Ely t In is  s t a g e ,  i t  
s e e m e d m cd s t  l i k e l y  t  In a t  t  In e In i g In e r  c In 1 cd r  i  n a t  e d P C B s w e r  e 
b e in g  h e l d  back by t h e  l i p i d s  and - free - f a t t y  a c i d s  in  t h e  
m i l k  and t h e  d eg ra d e d  m i l k  r e s p e c t i v e l y .  In  v iew  o-f 
p r  e v i o u s e x p e r  i m e n t  s i t  w a s c o n s i d e r  e d u n l i k e l y  t  hi a t  
cdxa 1 i c  a c i d  wcduId im p ro v e  tIne r e c o v e r i e s  cd-f PCBs -frcdm 
mi 1 k and u n f o r  t u n a t e  1 y , t Ini  s was -f ound t o  be t h e  c :a s e .
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8 i x s a m p 1 e s w e r  e p r  e p a r  e d s
i
1) The a p p r o x i m a t e l y  SO + 50 + 50 pg m l -1  A r o c l o r  1242 +
1248 + 1260 s o 1u t i c n  i n h e p ta n e  ( 4 . 0  m l ) was p i  pe11ed  
i n t o  a 2S0 ml REF and t h e  s o l v e n t  was g e n t l y  removed i n  a 
r  o t  a r  y e v a p o r  a t  o r .  C o w ' s m i l k  (15  m 1) w a s a d d e d a n d t  hi e 
f  1 a s k w a s s o n i c a t e d  -for 10 m i n u t  e s . 0 . 1  M o  x a 1 i c a c i d (8 5 
ml)  was added t o g e t h e r  w i t h  a few  a n t i ' -b u m p in g  g r a n u l e s  
and 4 .  0 m 1 o f  hi e p t  an e .
2) A d u p l i c a t e  o f  sam ple  1 was p r e p a r e d .
3)  A b l a n k  m i l k  was p r e p a r e d  as i n  sam ple  1 b u t
s u b s t i t u t i n g  h e p ta n e  ( 4 . 0  ml) f o r  t h e  A r o c l o r  s p i k e .
4) A w a t e r  s p i k e  was p r e p a r e d  by s u b s t i t u t i n g  g l a s s -
d i s t i l l e d  w a t e r  (15  ml)  f o r  t h e  m i l k  i n  sample  1.
5) A d u p l i c a t e  o f  sam ple  4 was p r e p a r e d .
6) A b l a n k  w a te r  was p r e p a r e d  by s u b s t i t u t i n g  h e p ta n e
( 4 . 0  ml)  f o r  t h e  A r o c l o r  s o l u t i o n  in  sample  4 .
The e x t r a c t o r s  were pi.it i n  p 1 ace  and thie samp 1 es w ere
simmered f o r  45  m in u t e s  f o l l o w e d  by two h o u rs  o f  more
v i  g o ro u s  b o i l i n g .  The h e p ta n e  e x t r a c t s  were thien exami ned 
by GC as  i n  e x p e r i m e n t  1.
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R e s u 1 1 s and d i  s c u s s i o n .
The ft)i 1 k b 1 ank was v@ry d i r t y  and t h 0  p 0 aks  in  t h 0
c h rom atogram  were t h e  same as t h o s e  seen f o r  th©  
s u 1 p h u r  i c a c i  d t  r  0  a t  e d m i 1 k s i n 0  x p e r  i m e n t  1. A s
a n t i c i p a t e d ,  t h e  m i l k  s p i k e s  s t i l l  showed no im provem ent  
i  n t h 0  r  e c o v e r y  p a t  t e r n .
As b e f o r e ,  w a t e r  s p i k e s  gave e s s e n t i a l l y  100% r e c o v e r y  
f o r  a l l  c o n g e n e r s  and t h e  w a te r  b l a n k  was c l e a n  by GC.
Exp e r i m e n t  £3.
The f  i n a 1 e x p e r im e n t  i n  t h e  s e r i e s  was t h e  e x t r a c t i o n  o f  
a s p i k e d  m i l k  sample  f o r  24 ho u rs  i n  o r d e r  t o  f i n d  o u t  
w h e th e r  e x t e n d i n g  t h e  e x t r a c t i o n  t i m e  would im p ro v e  t h e  
r e c o v e r i e s  o f  t h e  RGBs. T h r e e  sam ples  were  p r e p a r e d :
1) The a p p r o x i m a t e l y  !50 + 50  + 50 /..ig m l  1 s o l u t i o n  o f
A r o c l o r s  1242 + 1248 + 1260 i n  rv -heptane < 4 .0  ml)  was
p i p e t t e d  i n t o  a 250 ml RBF. The s o l v e n t  was g e n t l y  
removed i n  a r o t a r y  e v a p o r a t o r  and c o w 's  m i l k  (15  ml)  was
a d d e d . The f 1 ask was son i  c a t e d  f o r  10 m in u te s  and g 1 a s s -
d i s t  i 11ed w a t e r  <120 m l ) ,  a f  ew an t  i —bumpi ng gr  a n u 1es and 
n - h e p t a n e  < 4 .0  ml) were  added.
2) A second s p i k e d  sample  o f  m i l k  was p r e p a r e d  as above  
b u t  u s i n g a s o l  u t  i o n c o n t  a i n i n g 17 0 ^ g m 1 ™1 A r  o c l o r  126 0
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i  n d h 0  p t  a n 0  ( 4 .  0 ml) i n p 1 a c 0  o f  t  h 0  A r  a c 1 a r  t  r  i p 1 0  
mi x t u r e .
3)  A b l a n k  m i l k  was p r e p a r e d  as in  sam ple  1 bu t  
s u b s t i t u t i n g  c l e a n  h e p ta n e  ( 4 * 0  ml) f o r  t h e  RGB s o l u t i o n .
The e x t r a c t o r s  were p u t  i n  p l a c e  and t h e  sam ples  were  
e x t  r  a c t  e d f  o r  2 4 h o u r  s t  a k i n g c a r  0  n o t  t  o a l l o w  t  h e m i l  k 
t o  b o i l  o v e r  d u r i n g  t h e  i n i t i a l  s t a g e s  o f  t h e  e x t r a c t i o n .  
A f  1 0  r  2 4 h o u r  s , t  h 0  h e p t  a n e e x t  r  a c t  s w 0  r  e r  0  m o v e d a n d 
exami ned by GC as i n e x p e r  i ment 1.
Resul  t s  and di_sc:liss i  o n .
Th0  r 0 c o v e r i e s  of  h i  gher  c h l o r i n a t e d  PCBs w0 r e  muoh 
im p ro ved  and some of  t h e  e a r l y  A r o c l o r  1260 peaks seemed 
t o  show v e r y  good r e c o v e r i e s  (say  >90"/.). However ,  a c u t ­
o f f  e f f e c t  was s t i l l  i n  e v i d e n c e  and t h e  l a t e r  e l u t i n g  
A r  o d o r  1260 p e a k s o n 1 y s h a w e d r  e c o v e r  i e s o f  a b o u t  407.. 
As e x p e c t e d ,  a l l  t h e  lo w e r  c h l o r i n a t e d  RGBs in  t h e  
A r o d  o r  t  r  i p 1 e mi x t  u r  e s p i k 0  w e r  e a 11 0  x t  r  a c t  e d w i t h  h i g h 
r e c o v e r i  e s .
A n a d d e d c o m p 1 i  c a t  i o n was t  h a t  t  h 0  m i 1 k b 1 a n k w a s q u i t  e
d i r t y  and e x t r a c t s  p r 0 pa re d  i n  t h i s  way may n0 ed f u r t h e r
c l 0 a n - up o r  ana 1 y s i s  u s in g  a se 1 e c t  i ve  GC d e t e c t o r .
Ghromatograms f o r  t h 0  A r o c l o r  1260 m i1 k s p i  k0 , t h e  m i1 k
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b 1 a n k a n d 1.1") e cd r  i g i n a  1 A r  o c 1 □  r  12 6 0 s p i  k i  n g s o 1 u t  i o n a r  e
sh cdwn i  n F i  g u r  e 16 .
D e s p i t e  t h e  i m p r o v e d  r e c o v e r i e s ,  t h e  r e m a i n i n g  c u t - o f f
e f  f  ec t  was r e g  a r d  ed as  su f  f  i  c i e n t  c a u s e  t cd r  e .j ec t  t h  i s 
m e t  h o d cd f  e x t  r  a c t  i  cd n , p a r  t  i  c: u 1 a r  1 y a s i t  i  s t  h e h i g h e r  
c h 1 o r  i n  a t e d  c o n g e n e r s  wh i ch t e n d  t o  acc um u1 a t e  i  n human 
m i l  k .
C o n c l  u s i  cd n s on S team  E x t r a c t  i on ■
T h e u n a v o i d a b l e  c o n c 1 l . i  s  i  a  n f  r  cd m t  Id  e p r  e c e e d i n g e i g h t  
e x p e r i  ment s i  s t  h a t  c e r t  a i  n m i l k  c omp on e n t  s , most  
p r o b a b  1 y t h e  l i p i d s ,  r e t a i  n t h e  more 1 i  p o p h i  1 i  c: RGB 
c o i'd g e n e r s  t  h e r  e b y r  e d u c i id  g t  h e i r  v a p cd u  r  p r  e s s u r  e a id d s o 
i  n h i  b i  t  j. n g s t  e a m e x t  r  a c t  i  cd n .  Eve n 2 4 h o u r  e x t  r  a c t  i  o n cd r  
d e g r  a d a t  i  on o f  t h e  m i l  k m a t r  i x ( i nc 1 ud i ng h y d r  o l  y s i  s o f  
t  r  i g 1 y c e r  i  d e s ) f  a i  1 e d t  o r  e 1 e a s e t  h e h i g h e r  c:: h 1 o r  i  n a t  e d 
RGBs and i t  may be c o n c l u d e d  t h a t  t h e s e  more  l i p o p h i l i c  
RGBs r e m a i n e d  bound t o  t h e  f r e e  f a t t y  a c i d  r e s i d u e s  
p r o d u c e d  b y  the? d e g r a d a t i o n .  in  a d d i t i o n ,  such d r a s t i c
cond i  t  i  o n s  w o u ld  p r o b a b l y  de g r a d  e many GCRs h ad t  h e s e  
b e e n i  n v e s t  i  g a t  e d . 11 w a s d e c i  d e d , t  h e r  e f  cd r  e , t  o a b a n d cd i d
t h  i s ap p r  oach  t  cd m i  1 k ex t r a c  t  i  cdn .
I n c cd i d t  r  a s t  t  cd m i l k ,  w a t  e r  s p i k s g a v e v e r  y c 1 e a n
ex t  r  ac t  s a n d essen t  i a 11 y 100“/. r  e c o v e r y  o f  a 11 PGBs. As a











1 he s team  0 x t r a c t  io n  o f  wa10 r  samp 10 s .
3 . 2 . 1 . 1 .  G10 am 0 x t  r  ac t  i o n  o f  GCPs and PCBs f  r  ofin wa 1 0 r
•C78:)- .
Thr  0 0  1 i 1 r  0 s o f  t a p  wa10 r  i n  a 5 L RBF w0 r  0  3 p i  k0 d wi t h  an 
a c e t o n e  s o l u t i  on ( 1 . 0  ml ) c o n t a i n i  ng a p p r o x i  m a t e l y  40  
ng ml""1 o f  each o f  t h e  f o l l o w i n g  o r g a n o c h l o r i n e  
compounds:
H 0  x a c h 1 o r  o b 0  n z 0  n 0 , a 1 p h a -  H C H , b e t. a H C H , g a m m a l-l C H ,
d e l t a - H C H , a , p ' -D D E , p , p ' - D D E ,  o , p ' - D D T ,  p , p ' - D D T ,  
A1d r  i n , D i e l d r i n ,  Endr i n , RGBs 118 ,  156 ,  157 ,  169 ,  189.
A m o d i f i e d  e x t r a c t o r  w i t h  an a d d i t i o n a l  c o n d en s in g  c o i l  
i n  t h e  t o p  (see  F i g u r e  17) was used s i n c e  t h e  r a t e  o f
steam p r o d u c t i o n  f ro m  3L of  w a te r  was c o n s id e r e d
s u f f i c i e  n 1 1 y h i g hi t  o m 0  r  i t  a n i n c r  0  a s e i n c o n d 0  n s i  n g
p o w e r  i n o r  d e r  t  o p r  e v 0  n t  v a p o u r  1 o is s .
Th 0  mod i f  i  0 d 0 x t  r a c t o r  was p 1 ac 0 d on t  op o f  t  hi 0  5 L f  1 as  k 
a n d d i s t i l l  0  d w a t e r  w a s r  u n i n t  o t  h 0  0  x t  r  a c t  o r  t  r  a p u n t  i 1 
t h e  l e v e l  was j u s t  above t h e  bo t tom  o f  t h e  r e t u r n  s i p h o n .  
n - H e p t a n e  < 1 .0  ml)  c o n t a i n i n g  54 ng m l - 1  o f  4 , 4 ' -  
d i b r  cd m cd I:d i p hi e n y 1 w a s r  u n d o w n t  h 0  i n n 0  r  w a l l  cd f  t  hi 0  
e x t  r  a c t  o r  i n t  cd t  l"i 0  t  r a p ;  t  hi i s s e r  v e d b cd t  hi a s t  h 0  
0  x t  r  a c t i o n  s o 1v 0 n t  and a s an i n t e r  n a 1 s t a n  d ard  f o r  






















Figure 17. Modified Steam Extraction
Apparatus
NOT TO SCALE
Th® w a t e r  was steam e x t r a c t e d  f o r  2 ho u rs  and r e c o v e r i e s  
of  t h e  a n a 1y t e s  were d e t  ermi  ned by cap i 11 a r y  GG- ECD as  
f  o l  1 owss
Column s 
Programs
In  j . Temp. s 
ECD Temp. s 
I  n .j ec t  i o n :
I n s t r u m e n t  s
Q u a n t i t a t i o n  was p e r fo r m e d  by m easur ing  t h e  peak a r e a  
r a t i o  ( a n a l y t e / i n t e r n a 1 s t a n d  a r  d ) and compari  n g t  h i  s 
d i r e c t l y  t o  t h e  c o r r e s p o n d ! n g  peak a r e a  r a t i o  f o r  a 
s t a n d a r d  c o n t a i n i n g  t h e  same amount o f  each a n a l y t e  as 
t  h e o r i g i n a l  s p i k i n g s o 1 u t  i o n p 1 u s t  h e i n t  e r  n a 1 s t  a n (J a r  d .
Resu11 s a nd d i s c  u s s i o n-
T he r  e c o v e r  i ee a r e  shown i n T a b 1e 4.
The s p i k i n g  e x p e r im e n t  r e p r e s e n t s  t h e  r e c o v e r y  o f  
a p p r o x i m a t e l y  13 pg ml""1 o f  each a n a l y t e  f ro m  t h e  w a te r  
and i n  v ie w  o f  t h i s ,  t h e  r e c o v e r i e s  were v e r y  
e nc ourag  i n g . The low r e o o v e r  .i es o f  t h e  HCH i somers has  
s u b s e q u e n t l y  been t r a c e d  t o  t h e  breakdown o f  t h e s e  
mat e r i a l s  t o  two d i f  f  e re n  t  t  r  i c h 1or  ob en zen e i somer s
25m 0 0 - 1 7  0 . 2 5  mm i d  0 . 2  pm f i l m .
100°C  f o r  2 m ins .  B a l l i s t i c  r i s e  t o  
120c:>C. 1 .3 « C  m i n " 1 t o  2 5 0 "C.
2 7 0 t::,C
3 5 0 ‘::>C
2 . 5  p i .  Sp1 i 1 1 ess f  o r  2 mi n s .
P e r k  i n - E l m e r  0 3 2 0 B c a p i 11 a r  y GG.
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T a b l e  4 .  R e c o v e r i e s  o-f s e l e c t e d  OCRs and F‘CE*s -for
steam e x t r a c t  o-f t a p  w a t e r  s p i k e d  a t  
a p p r o x .  13 pg m l " 1 p e r  a n a l y t e .





6-HCH Not d e t e c t e d ,
o , p ' -DDE 94 .37 .
p , p ' —DDE 94.07.
a , p ' —DDT 93.07.
p , p ' —DDT 88 .47 .
A l d r i n  75 .87 .
D i e l d r i n  9 4 . 6 7
E n d r in  93 .87 .
PCB 118 83.57.
PCB 156 82 .47 .
PCB 157 89.97.
PCB 169 95 .27 .
PCB 189 85 .77 .
1 19
d la r  i  n g e x t  r  a c t. i o n .
F la r  I: l"i 0  r  w o r' k h a s s h o w n t  h a t  t  h e r  e c o v e r  y o f  A r  o c 1 o r  s f  r  o m 
w a t e r  sp i k es  i s r  o a t  i n e 1 y o v e r  907. u s i  n g t  h :L s t  ech n i qlae 
an d t  h e met hod r  e a l l y  mer i t  s f  u r  t h e r  i r tvest  i  g a t  i o n .
I t  was r  e a 1 i s 0  d t  h a t  e n v i r  o n m e n t  a 1 w a t  e r  s a m p 1 e s w g  la I d 
n o t  praduc ::0  " c 10 a n '' o r g a n a h a l  □ g0 n 0 x t r a c t  @ s i  nc 0  such
s a m p 10  s c o n t  a i n m a n y o t  h 0  r  0  t  e a m v o 1 a t  i 10  fn a 1 0  r  i a 1 s . 
Us ing  a n o n - s e l  e c t  i ve or  s e m i - s e l e c t i v e  GC d e t e c t o r  •for 
t h e  a n a l y s i s  o f  t h e s e  t y p e s  o f  e x t r a c t  Mould g i v e  r i s e  t o  
0  x t  r  0  m 0 1 y c o mp 10  x e h r  o fn a t  o g r  a fn s ( a n d 0  x p 0  r  i 0  n c 0  h a s b o r  n 0  
t h  i s o lat ) b u t  G C l vlS p r o v i  d0 s an e 1 0 g a n t  so 1 lat  i on t o  t h  i s 
proto1em. D e s p i t ©  t h e  comp 1 ex i  t y  o f  e n v i r o n m e n t a l  samp1es  
0 x t r a c 1 0 d i n  t h i 0  way, samp 1 0  c l e a n - u p  i s  n o t  n0 c 0 s s a r y  
s i n c e  a l l  t h e  m a t e r i a l s  i n t  h 0  ex t  r  ac t  a r  0  i nher  en 1 1y
v o l a t i l e  and so would n o t  toe e x p e c te d  t o  damage a
cap i 1 1 a r y  GC c o lu m n .
3 . 2 . 2 .  So x h l e t  e x t r a c t i o n .
Ex pe r  i me n t  1.
The f i r s t  e x p e r im e n t  w i t h  Soxh10 1 e x t r a c t i o n  i n v o l v e d  
s p i  k in g  m i l k  w i t h  a mixed A r o c l o r  s o 1u t i o n  i n  a c e t o n 0 , 
f o i l  o w 0  d to y a d s o r  p t  i 0  n o n t  cd a s u to s t  r  a 1 0  p r  i o r  t  o S cd x h 10 1
e x t r a c t i o n .  The e x t r a c t  was th e n  r e d u c 0 d in  vcd 1 lafne and
c 10  a n 0  d u p u s i n g  t  h e H P L C c l  e a n -  la p m 0 1 hod d e s c r  i to 0  d i n
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Sec t  i on 4 .  2 .  2 .  « Bot h t h e  1 i p i d and t  he o r g a n □ c:h 1 o r  i ne 
■ f r a c t i o n s  w ere  e v a p o r a t e d  t o  d r y n e s s .  The o r g a n o c h l o r i n e  
f r a c t i o n  was r e - d i s s o  1 ved i n  n - h e p ta n e  wi11") an i n t e r n a  1 
s t a n d  a r  d an d an a 1 y sed b y GC--FID. Th e l i p i d  -f r  om eac h m i l  k 
was w e ig h e d .  The a d s o r b e n t  chosen was a 50:507.  mix by 
volume o-f F I  o r  i s i  1: anh ydrous  sodium s u l p h a t e .  The sodium  
s u 1 p h a t  e w a s u s e d t  o a b s o r  b t  h e w a t  e r  a n d t  h e F 1 o r  i s i  1 
was chosen -for i t s  p o l a r  a d s o r p t i v e  p r o p e r t i e s  which i t  
was hoped would  r e t a i n  some o f  t h e  unwanted components of  
t h e  m i l k  m a t r i x  such as p r o t e i n  and e l e c t r o l y t e s ,  b u t  no t  
t h e  l i p i d  o r  t h e  o r g a n o c h l o r i n e  r e s i d u e s .
A l l  s o l v e n t s  w ere  o f  HFLC g r a d e .
The s p i k i n g  s o l u t i o n  was 120 pg m l " 1 A r o c l o r  1242 + 124
pg m l” 1 A r o c l o r  1248 + 218  pg ml” 1 A r o c l o r  1260 i n
a c e t o n e .
The r e c o v e r y  s t a n d a r d  f o r  GC a n a l y s i s  was made by t a k i n g  
5 0 . 0  ml o f  t h e  above s p i k i n g  s o l u t i o n  p l u s  3 . 0  ml o f  a 
3 4 7 , 2  pg m l” 1 s o l u t i o n  o f  4 - c h l o r o - m ~ c r e s o l  i n  n - h e p t a n e  
(as  i n t e r n a l  s t a n d a r d )  and making t h i s  up t o  1 0 0 .0  ml 
w i t h  h e p t  a n e t  o g i  v e a s o l  u t  i o n c o n t  a i n i n g 6 0 p g fn 1 ” 1 
A r o c l o r  1242 + 62  pg m l” 1 A r o c l o r  1248 + 109 pg ml” 1
A r o c l o r  1260 + 1 0 . 4 2  pg..... m l .1 4 - c h l o r o - m - c r e s o l  i n
50:507.  v /  v a c e t  o n e : h e p t  a n e .
S ix  e x t r a c t s  w ere  p r e p a r e d . f ro m  a s i n g l e  sam ple  of  p o o led
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human m i l k  a s  - f o l l o w s :
1) The s p i k i n g  s o l u t i o n  < 1 .0  ml) was mixed w i t h  lOg o f  
human m i l k  i n  a 100 ml b e a k e r .  F I  o r  i s i  1 <10 g o f  6 0 - 1 0 0
mesh A8 T M ) an d a n h y d r  ou s s o d i lam s u 1 p h a t  e ( 10 g ) wer e 
mixed t o g e t h e r  and added s l o w l y ,  w i t h  m i x i n g ,  t o  t h e  
s p i k e d  m i l k . Th e s 1ur  r  y w as t  hen t  r  a n s f  e r  r e d  
q u a n t i t a t i v e l y  t o  a 30  x 80 mm c e '11 u 1 ose Soxh 1 e t  th im b  1 e 
wi t h 3 x 2 ml h e p t a ne was h i n g s . The a d s o r b e d mi 1 k was  
th e n  S o x h l e t  e x t r a c t e d  w i t h  h e p ta n e  f o r  t h r e e  h o u rs  a t  a 
r a t e  o f  a b o u t  60  c y c l e s  p e r  h o u r .  The e x t r a c t  was g e n t l y  
e v a p o r a t e d  j u s t  t o  d r y n e s s  in  a r o t a r y  e v a p o r a t o r  and 
r e - d i s s o l v e d  i n  1 ml o f  h e p t a n e .  T h i s  was t a k e n  up i n t o  a 
2 ml s y r i n g e .  The e x t r a c t  f l a s k  was washed w i t h  0 . 8  ml o f  
h e p t a n e  and t h i s  t o o  was t a k e n  up i n t o  t h e  s y r  i n  ge w i t h  
t h e  e x t r a c t .  The sam ple  was c l e a n e d  up u s in g  HP-GPC:
C o lu m n :
M o b i l e  p h a s e :  
F lo w  r a t e :  
S y s te m  t e m p . :  
D e t e c t  i o n : 
I n s t r u m e n t :
Po 1 ymer  L a b o r a t o r  .i es  PLRP- S 3 0 0  x 7 .  5 mm 
10 j„im p a r  t  i  c 1 e s . 100 nm p o r  e s .
2 0 :  807. v /  v P r  op an - 2 - -o  1 : n - h  ep t  an e .
2 . 3  ml m i n ~ ;L.
315 C3C.
R e f r a c t i v e  i n d e x  a t  1 0 " 3 R I  u n i t s  f . s . d ,  
D u P o n t  8 3 0  HPLC u n i t .
L i p i d  and o r g a n o c h 1 o r i n e  f r a c t i o n s  w e r e  c o 1 1 e c t e d  as  
d e s c r i b e d  i n  S e c t i o n  4 . 2 . 2 .  i n t o  2 5  m 1 RBP's.
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The s □ 1 ven t  f  □ r  eaeh f  r  ac t  :i. on was g e n t l y  r  em□ v e d i n a 
r o t a r y  e v a p o r a t o r . The l i p i d  t r a c t i o n  was weighed and t h e  
o r  g an oh a 1 og en f  r  ac: t  i on was r  e--d i sso 1 ved i  n h ep t. an e 
< 2 .0  ml)  c o n t a i n i n g  1 0 . 4 2  pg m l” 1 4 - c h l o r o - m - c r e s o l .
Th e a r gan o c h 1or  i ne f  r  ac t  i on was t  h en a n a 1ysed by GC~FID 
as f o l l o w s :
Co lum n:
C a r r i  e r : 
Program:
I n j / D e t  tc?mp 
I n j e c t i  o n : 
I n s t r u m e n t :
25m CP Si 1 5 .  0 . 3 5  mm i d .  0 . 1 6  pm f i l m .  
H e l i  urn a t  8 p . s . i .
8 5 —C f o r  1 m in u te .  5 -C  m in -1  t o  250-C ,  
H o ld .
2 8 0 ^ 0 .
1 p i  s p l i t  approx i m a te 1y 1 : 5 .
P e r k i n - E l m e r  s igma 3 gas c h r o m a t o g r a p h .
P e a k a r  e a s w e r  e fn e a s u r  e d u s i n g a H e w 1 e 11 -  P a c k a r  d H P3 3 9 0 A 
i i n t e g r a t o r .
2)  3)  Two o t h e r  r e p l i c a t e s  o f  sample  1 w ere  p r e p a r e d .
4)  & 5)  Two b l a n k  m i l k s  f ro m  t h e  same m i l k  sample  as
sam p les  1,  2 and 3 were p r e p a r e d  as above b u t  o m i t t i n g  
t  h e sp i k i  n g s o 1u t  i o n .
6)  A b 1 an k samp 1 e o f  F 1 o r  i  s i  1 (10  g ) p 1 us anhydrous
sodium s u l p h a t e  (10  g) was e x t r a c t e d  and a n a ly s e d
t o g e t h e r  w i t h  t h e  m i l k  s a m p le s .
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R 0  su 1 t  s an d d i is c u <;r> s i p  n.
The m i l k  sam ples  became brown d u r i n g  t h e  e x t r a c t i o n .  Much 
of  t h e  brown c o l o u r  re m a in e d  on t h e  a d s o r b e n t  b u t  some 
passed i n t o  t h e  e x t r a c t  g i v i n g  t h e  e x t r a c t  a s t r a w  
c o l  o u r .
A f  t  e r  e x t  r  a c t  i o n , t  h e u s e d a d s o r  b e n t  f r o  m t  h e m i 1 k 
sam ples  was examined and found t o  be s l i g h t l y  caked which  
may have  occlucJed t h e  passage  o f  t h e  s o l v e n t  d u r i n g  
e x t r a c t i  o n .
Q u a n t i t a t i v e  a n a l y s i s  showed t h a t  r e c o v e r i e s  f o r  f i v e  
s e l e c t e d  PCB peaks a c r o s s  t h e  c h r o m a t o g r a p h ic  r a n g e  ( f rom  
18 m in u te s  t o  32 m in u te s  r e t e n t i o n  t i m e )  v a r i e d  f rom  
a b o u t  627. t o  777. w i t h  no s i g n i f i c a n t  d i s t o r t i o n  o f  t h e  
o v e r a l l  PCB p a t t e r n .  A t y p i c a l  chromatogram f o r  a PCB 
f r a c t i o n  f rom  a s p ik e d  m i l k  t o g e t h e r  w i t h  a m i l k  b la n k  
and a r e c o v e r y  s t a n d a r d  a r e  shown i n  F i g u r e  18.
As can be s e e n ,  t h e  b l a n k  c o n t a i n s  a few  i n t e r f e r i n g  
peaks b u t  on t h e  whole  i s  qui t e  c 1e a n . The i n t e r f  e r i n g  
peaks  may have been due t o  o t h e r  OCP r e s i d u e s  o r  p e rh a p s  
p h t h a l a t e s  f rom  t h e  s o l v e n t s  as w e l l  as m i l k  components.
L i p i d  d e t e r m i n a t i o n s  ran g e d  f rom  1.517. t o  1.547. m/m in  
t  h e m i l  k w h i e h s e e m e  d low a n d s u b s e q la e n 1 1 y p r  o v e d t  o b e 
ab o u t  607  o f  t h e  a c c e p te d  v a l u e .  T h i s  r e c o v e r y  v a l u e  f o r
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Figure 18.












t  h e 1 i p i d s i s a b o u t  t  h 0 s a m 0 m a g n i t  u d e a s t  h a t  ■far1 t  h e 
PCB r e s i d u e s .
1 n s u m m a r  y , t  h e m e t  h o d g a v e a f  a i i'" 1. y c 1 e a n e x t  r  a c t  a f  t  e r  
HP- QPC e 1e a n - up w i t h  n□ s i g n i f i c a n t  d i s c r  i m in  a t i  on 
b e t  ween PCB c o n g e n e r s . The 1 i p i c:l was a 1 so r e c o v e r a b l e  f  □ r  
g r  a v i met r  i c d e t  e r  m i n a t  i on o-f - fat  c on t  en t . Th e r  e c o v e r  i es  
were poor  (627. t o  777. f o r  t h e  PCBs and 1.517. t o  1.547. m/m 
f o r  t h e  l i p i d )  b u t  showed p ro m is e ;  o c c l u s i o n  due t o  
c a k in g  o f  t h e  wet  a d s o r b e n t  seemed t h e  most l i k e l y  cause  
f o r  t h i s .
Ex p e r im ent_  2
A s i m i 1 a r  ex p e r i  ment t  o t h a t  abov e was a11 empt ed u s i ng 5 g 
a c i  d i  c a 1 umi na p 1 us 5 g b a s i  c a 1 umi na p i  us 10g anhydrous  
sodium s u p 1 h a t e  as  t h e  a d s o r b e n t .  The aim was t o  make use  
o f  t h e  d i  f  f  e r e n t  a d5o r p t i  ve p r o p e r t i e s  o-f t h e  a 1 u fn inas . 
U n f  o r  t  u n a t  e 1 y , t  h e m i x t  u r  e t  e n d e d t  o s e t  h a r  d a n c o n t  a c t  
w i t  h m i 1 k a n d <;■> o t  hi e e x p e r  i m e n t  was a b a n d o n e d . A11 e n t  i  o n 
was t h e n  t u r n e d  back t o  F I  o r i s i  1 as an a d s o r b e n t .
ip  ii r._
I t  was d e c id e d  t o  d r y  t h e  a d s o r b e n t  a f t e r  t h e  a d d i t i o n  of  
t  hi e m i l  k . Bec ause o f  t  h i s , sod i um su 1 p hi a t  e was n a t  used 
and was r e p l a c e d  by k e i s e l g u h r  as a f i l t e r i n g  a i d .  The 
a d s o r b e n t  used was 70:307.  v / v  F I  o r  i s i  1 < 60 -100
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mesh) s kei s e l g u h r  w h ic I”) was i t s e  1 f  Saxh 1 e t  e x t r a c  t  e d wi11") 
h e p t a n e  b e f o r e  use .
A s p i k i  n g s o I u t  i o n c o n t  a i n i n g a p p r  □ x i m a t  e 1 y 300  n g m 1 1
A r o c l o r  1254 and a p p r o x i m a t e l y  30 ng m l " 1 o f  s e l e c t e d
OCRs was p r e p a r e d  in  n - h e p t a n e .  The OCRs chosen were
h e x a c h 1 o r  o b e n z e n e , a 1 p h a -  H C H , b e t  a -H C H , g a m m a -  H C H ,
d e 11 a -H C H , o , p ' -D D E , p , p ' -D D E , o , p ' - D D T , p , p ' - D D T ,
d i e 1 d r  i  n a n d e n d r  i n .
An i d e n t i c a l  s o l u t i o n  c o n t a i n i n g  a l l  t h e  a n a l y t e s  p l u s  32  
ng m l " 1 o f  4 , 4 ' —d ib r o m o b ip h e n y l  was p r e p a r e d  i n  h e p ta n e  
as a r e c o v e r y  s t a n d a r d  f o r  t h e  GC a n a l y s i s .
The f o l l o w i n g  s i  x ex t  r  ac t  s were p r  ep a r  ed s
1) About  2 / 3  o f  a 30 x 80 mm S o x h l e t  t h i m b l e f u l  o f
a d s o r b e n t  was p la c e d  i n  a g l a s s  m o r t a r .  Human m i l k  (10  
ml) was p i p e t t e d  i n t o  a b e a k e r  and w e ig h ed .  The m i l k  was 
poured  o n t o  t h e  a d s o r b e n t  i n  t h e  m o r ta r  and t h e  b e a k e r  
was r e - w e i g h e d  t o  d e t e r m i n e  t h e  amount o f  m i l k  
t r a n s f e r r e d .  The a d s o r b e n t  and m i l k  were mixed w i t h  a
p e s t l e .  The sam ple  was th e n  d r i e d  i n  a f a n  oven a t  6 0 ‘::,C 
•f o r  30  m i n u t  es  w i t h  occ as i on a 1 m i x i n g . Th e samp 1 e was 
t  h en t  r  a n s f  e r  r  ed quart t i t  a t  i ve  1 y w i t h  hex an e wash i  n g s t  o a 
30 x 80  mm c e 11u 1ose Sox h 1e t  t h i m b l e .  The samp1e was 
e x t r a c t e d  o v e r n i g h t  i n t o  a 250  ml RBF u s in g  abo ut  120 ml 
h exane  a t  a c y c l i n g  r a t e  o f  about  40 c y c l e s  p e r  h o u r .  The
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0 x t  r  a c t  w a s f  i  1 1 e r  e d 11") r  o la g h a n a ri hi y d r  c:> u s s □ d i la m s la 1 p h a t  e 
b 0 d ( p r  0 v i  on s i  y w a s h 0 d w i t  h h 0 x a n e ) , i  n t  a a l< u d 0 r  n a -  
D a n i  s hi 0 v a p o r  a 1o r  f  i  1 1 0 d w i t  h a 10 m 1 g r  a c:l u a 1 0 d r  0 c 0 i v 0 r  
t u b e .  T h e  e x t r a c t  was e v a p o r a t e d  t o  a b o u t  1 . 5  ml and  
c 1 0 a n 0 d u p u s i  n g t  h 0 H P L C m 01 h o d d 01-3 c r  i  b 0 c:l i  n 0 x p 0 r  j. m 0 n t  
1. L i p i d  and o r g a n o c h l o r i n e  f r a c t i o n s  w e r e  c o l l e c t e d . Th0 
l i p i d  f r a c t i o n  was e v a p o r a t e d  t o  d r y n e s s  o v e r  a i r  f o r  a 
g r a v i  m 0 1 r i c  d 0 t 0 r  m i  n a t  i  o n o f  f  a t  a n d t  h 0 o r  g a n o hi a 1 o g e n 
f r a c t i o n  was e v a p o r a t e d  o v e r  c l e a n ,  d r y  a i r  t o  a b o u t  5 ml 
when 1 . 0  ml o f  a 32  ng ml""'1 s o l u t i o n  o f  4 , 4 '  -  
d i b r o m o b i p h 0ny 1 i n  hi0p t a n 0 was a d d 0d as  i n t 0 r n a  1 s t a n d a r d  
f  o r  t h 0 GC a n a 1y s i  s . E v a p o r a t  i  an was t h e n  c a n t i  n u 0d t o  a 
v o lu m e  o f  a b o u t  1 . 0  m l .  T h i s  was t h e n  a n a l y s e d  by  
cap  i  11 a r y  GC--ECD a s  f o i l  ows s
C o lu m n :
C a r r i  e r :
P r o g r a m :
I n j e c t  o r  t  emp. :
D e t e c t o r  t e m p . :
I n  j e c t  i o n :
I n s t r u m e n t :
Q la a n t  i  t  a t  i o n w a s c a r  r  i 0 d o u t  b y d i r  0 c t  p r  o p o r  t  i  o n a 1 
c o m p a r i s o n  o f  p e a k  a r e a  r a t i o s  ( a n a l y t e / i n t e r n a l
s t a n d a r d )  f o r  t h e  s a m p l e s  t o  t h e  r e s p e c t i v e  r a t i o s  
p r o d u c e d  by  t h e  r e c o v e r y  s t a n d a r d .
25m O V - 1 7  0 . 2 5  mm i d  0 . 2  pm f i l m .
H y d r o g e n  a t  6 5  cm s  1 ( 1 0  p s i ) .
1 0 0 “ C f o r  2 m i n s .  1.  3 t:,C m in '"1 t o  2 3 0 c:,C.
2 7 0 <::>C
3 5 0 c:,C
Sp 1 i  1 1 e s s  f  o r  2 m i n u t  e s . 2 . 5  y x  1 i  n j  ec t  i on 
w i t  h 1 j.a 1 " c h a  s e r " .
P e r  k i  n - E 1mer 8 3 2 0 B c a p i l l  a r y  GC.
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2)  A d  u p 1 i  e a t  e o f s a m p i e  'J. w a s p r  e p a r  e d .
3 )  A s a m p l e  o-f c o w ' s  m i l k  was p r e p a r e d  i n  t h e  same manner  
a s  t h e  human m i l k  i n  s a m p le  1.
4 )  A s a m p  1 e a f  c o w ' s  mi 1 k was p r e p a r e d  i n  t h e  same way as  
t  h e h u m a n m i l  k i  n s a m p i e  :l b u t  t  h e a d s a r  b e n t  w a s s p i k e d 
w i t h 1 1 . 0  ml o-f s p i k i n g  s o l u t i o n  p r i o r  t o  d r y i n g  i n  t h e  
o v e n .
5 )  A b l a n k  a d s o r b e n t  was s p i k e d  w i t h  1 . 0  ml o f  t h e  
s p i  k i n g  s o l u t i o n  p r  i o r  t o  e x t r a c t i o n . T h i s  s p i  ked  
a d s o r  b e n t  w a s s u b s e q u e n 1 1 y p r  o c e s s e d a s a m :i. 1 k s a ft) p i e .
6 )  B l a n k  a d s o r b e n t  was e x t r a c t e d ,  c l e a n e d  up and a n a l y s e d  
a s  a m i l k  s a m p l e .
R e s u l t s  and d i  s c u s s i  o n .
L i p i d  d e t e r m i n a t i o n s  -for t h e  m i l k s  w e r e :
Human m i l k  s a m p l e  1 2 .4 6 7 .  m/m
Human m i l k  s a m p l e  2 2 .5 4 7 .  m/m
C o w 's  m i l k  s a m p l e  3 3 .0 7 7 .  m/m
C o w 's  m i l k  s a m p l e  4 3 .0 6 7 .  m/m
T h e s e  v a l u e s  T o r  l i p i d  c o n t e n t  a r e  much more  r e a l i s t i c  
t h a n  t h o s e  s e e n  i n  e x p e r i m e n t  1. The c h r o m a t o g r a m  -for t h e
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b l a n k  a d s o r b e n t  was q u i t e  c l e a n  b u t  d i d  show a -few s m a l l  
i n t e r f e r i n g  p e a k s  tw o  o f  w h ic h  c o - e l u t e d  w i t h  d e l t a - H C H  
and d i e l  d r i n .
R e c o v e r  i  e s  cdf  0 CPs -f rom t h e  sp i  ked a d s o r b e n t  r a n g e d  -f rom 
b e t w e e n  74« 37. f o r  o , p ' -DD T t o  1 15 .37 .  - for p , p ' - D D T  e x c e p t  
■for d e l t a - H C H  w h i c h  was r e c o v e r e d  a t  a l e v e l  o-f '50.97. .  
Fives PCB p e a k s  -from t h e  A r o c l o r  1254  p a t t e r n  we res 
s e 1 e c t  es d a n d s h o w es d r  e c o v ess r  i  es s b e t  w ess es n 7 5 .2 7 .  a n d 1 0 4 .  37..
R e c o v e s r ie s  -from t h e  c o w ' s  m i l k  spikes c o u l d  nest be  
a c c u r a t e l y  detesrminesd dues t o  i n t e s r - f e r i n g  pesaks c o - e l u t i n g  
w i  t h  many cdf  t  he  a n a  1 y t  ess b u t  cdn thes whcd 1 es, r  e c cdv e r i  ess 
a p p e a r e d  t o  be  s i m i l a r  t o  t h o s e  o b s e r v e d  i n  t h e  s p i k e d  
a d s o r b e n t .
Thes human m i l k  d u p l i c a t e s ®  showed t h e  presesnces o-f s e v e r a l  
□CPs and PCBs and r e p r o d u c i b i 1 i t y  a p p e a r e d  t o  be q u i t e  
g ocdd a 1 1 h oug h i  n t  e r  -f e r  en c ess mad es acc  u r  a t  es assessmesn t  o i  
t h  i s i  m poss i  b 1 e .
E x t r a c t i o n  was c a r r i e d  o u t  o v e r n i g h t  b o t h  t o  e n s u r e  good  
esx t r a c t  i  cdn and -f o r  c cdnv en  i  ence? ; such a 1 cdng esx t r  a c t  i cdn 
times may n o t ,  howesver,  be  n e c e s s a r y .
G v es r  a 11 ,  t  h e r  e cd o  v  es r  i  es s o -f 1 i  p i d s  and G C P s /  P C B s s e es m e d 
q u i t  es g o o d . T li es d r  y i  n g p r o  c e s s  s  e es m e d t  o h es 1 p a n d t  h e 
adsorbesnt  was much mores p o r o u s  d u r i n g  e s x t r a c t i  o n . The
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d r" y :i. n g w a s  n o t  c o m p 1 e t  e a n d t  h 0 a d s o r  b 0 n t  w a s s t  i  11
s l i g h t l y  d a m p w h e n t. r  a n s f  0 r  r  e d t  o t  h e S □ x h 1 01 t  h i  m b l a s ,
b u t  t  h i s  d i d  n o t  s e 0 m t  □ be of  a n y m a j  o r  s i  g n i  f  :i. c a n c 0 a n d
more  s e v e r e  d r y i n g  may h a v e  had an a d v e r s e  e f f e c t  on
r e c o v e r  i  e s .
I t  was c l e a r  t h a t  d e s p i t e  t h e  c l e a n - u p ,  n o t  a l l  the* 
t a r g e t  a n a l y t e s  c o u l d  be d e t e r m i n e d  u s i n g  GC-ECD b e c a u s e  
o f  i  n t  e r  f  e r  en c e s  and GC- lvlS wou 1 d , u 1 1 i  mat e 1 y , h a v e  t  o b e 
u s e d .
E x p e r i m e n t  4 .
L i p i d  r e c o v e r i e s  w e r  e s t  i l l  u n k n o w n a n d s o t  h i  s
e x p e r i m e n t  was d e s i g n e d  t o  d e t e r m i n e  t h e  r e c o v e r y  o f
t r  i  g 1 y c e r  i d e s  u s i  ng t h e  F I  o r  :i. s i  1 / kei s e l  g u h r  a d s o r b e n t  
w i t h  o v e r n i g h t  S o x h l e t  e x t r a c t i o n .
T h r e e  r e p l i c a t e  s a m p l e s  w e r e  p r e p a r e d  a c c o r d i n g  t o  t h e  
f o l l o w i n g  m e thod  s
A p p r o x i m a t e l y  2 / 3  o f  a 30  x 8 0  mm S o x h l e t  t h i m b l e f u l  o f
o f  t h e  7 0 : 3 0 7 .  v / v  F I  o r  i  s i  1 : kei  s e l  g u h r  a d s o r b e n t  was  
p l a c e d  i n  e a ch o f  t  h r  e e  g 1 a s s  mor t  a r  s . A s o 1u t  i  on 
con t  a i n i  ng 1 5 . 0 0  g / 1 0 0  m1 mi x ed t r  i g 1 y c e r i  de s  ( Wi t e p s o 1 
H 15) i  n h e p t a n e  ( 2 .  0 m l )  was p i  p e 1 1 e d  o n t o  eac h  I o t  cdf  
a d s o r b e n t .  G l a s s - d i s t i l l e d  w a t e r  (1 0  m l )  was added t o
ea c h  and e a c h  s a m p l e  was p l a c e d  i n  t h e  f a n  oven  a t  6 0 c:’C
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f  o r  3 0 m i n u t e  s . A f  1 0  r  t  h 0  d r  y i. n g , 0  a c h sa m p 1 0  w a s
t r a n s f e r r e d  q u a n t i t a t i v e l y  w i t h  hexane w ash ings  t o  a 30 x
00 mm c e l l u l o s e  Saxh 1 0 1 th im b  10  and 0 x t r a c : te d  ov 0 r n i g h t
1 n 1 0  a 250  m 1 R B F u s i n g h 0  x a n e a t  a b a u t  3 0 c y c 1 e s p 0  r  
h o u r .  The e x t r a c t s  were e v a p o r a t e d  t o  n e a r  d r y n e s s  u s in g  
a r  o t  a r  y e v a p o r  a 1 0  r  , t  r  a n s f  e r  r  e d w i t  h h e x a n 0  w a s h i n g s t  o 
a t  a r e d ,  c l  0  a n g 1 ass v i a l  and t  h0  r  0 ma i n i  n g s o 1v e n t  wa s 
e v a p o r a t e d  o v e r  a i r  a t  ab o u t  4 0 c,C. The l i p i d  r e s i d u e s  
were  weighed and t h e  r e c o v e r i e s  c a l c u l a t e d .
R e s u l t s  and d i s c u s s i o n .
R e c o v e r i e s  f o r  t h e  t h r e e  r e p l i c a t e s  w ere  r e c o r d e d  as  
5 4 .  57., 68 .  87. and 70 .  07.. These were d i  sap po i  n t  i ng 1 y 1 ow 
and ap p e a re d  t o  be du e ,  a t  l e a s t  i n  p a r t ,  t o  poor  
p e r m e a b i l i t y  o f  t h e  a d s o r b e n t  and poor d r a i n i n g  of  t h e  
t h  i mb l  e d u r i n g  1;;; i  p hon i n g .
E x p e r im e nt  5 ._
Ex p e r  i  men t  3 w a s r e p e a t e d  w i t  h t h  e f o 11ow i ng
mod i f  i c a  t  i ons us i  ng t  h e same h uman an d c o w 's  m i l k
samp1 ess
i ) The sp i k e d  ad sor  b e n t  was sp i ked w i  t  h t  he 0 CP/ PCB 
s p i k i n g  s o l u t i o n  as b e f o r e  b u t  was a l s o  s p i k e d  w i t h  300  
mg mixed t r . i g  1 y c e r i d e s  and g 1 a s s - d i s t i  11 ed w a t e r  (10  m l ) .  
" I " h i s  s p i  k e d  a d s o r b e n t  w a s  t h e n  d r i e d  i n  t h e  f a n  o v e n  w i t h
132
t h e  m i l k  s a m p le s .
i i ) G la s s  s p a c e r s  were p l a c e d  und er  t h e  S o x h l e t  t h i m b l e s  
in the extractors to promote pr□ per draining of the 
t h i m b l e s .
R e s u l t s  and d i  s c u s s i  o n .
L i  p i d c o n t e n t  f o r  t h  e m i 1 ks were d e te rm  i  ned t o  b e :
H u m a n m i 1 k s a m p 1 e 
Human m i l k  sam ple  
Cow' s m i l k  samp1e 
Cow' s m i l k  samp1e
1 477. m /  m
o
•Im N 83% m/m
•jrO 4. 68% m/m
4 4. 27% m/m
The human m i l k  l i p i d  v a l u e s  were s i m i l a r  t o  t h o s e  
o b t a i n e d  i n  e x p e r i m e n t  3 b u t  t h e  c o w 's  m i l k  v a l u e s  were  
m a rk e d 1y i n c r e a s e d . R e p r o d u c i b i l i t y  was n o t  p a r t i c u 1a r 1y 
good and p r o b a b l y  n o t  a c c e p t a b l e .
The l i p i d  r e c o v e r y  -from t h e  sp i  ked a d s a r b e n t  was on 1 y 
77 .5 % .
L i p i d r  e c o v e r  i es  seem t  o h ave  been i mp r  oved b y us i n g t  h e 
g 1 ass s p a c e r s  i n t h  e ex t r  ac t o r s  and dur  i ng t.he ex t r  ac. t  i  on 
i t  was n o t  ed t h  a t  dr  a i  n i ng o f  t h e  t h  i rnb 1 es was much 
im p ro ved  by t h i s  modi f  i c a t i o n . H o w e v e r , i t  was c l e a r  t h a t  
t h e  a d s o r  ben t  was unsu  i t  ab 1 e f  o r  t  he ex t r  ac  t  i  c:)n o f
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1 i p i d s .
0 C P /  P C B r  0  c o v  e r  i e s w e r  e s :i. rn i 1 a r  t  o t  h o s e □ b t  a i n e d i  n 
0  x p e r  i m e n t  3 b u t  a d i s t  u r  b i n g d 0  v 0 10  p m 0  n t  w a s t  h 0
a p p a r  0  n t  t  o t  a 1 1 a  s s □ f  0  n d r  i  n w h i c h 0  x I") i b i 1 0  d a 1 m □ s t  0 7.
r  0  c o v 0  r  y f  r  0  m t  h 0  s p i k 0  d a d s 0  r  b 0  n t . N 0  0  x p 1 a n a t  i 0  n c 0  u 1 d 
b 0  f  0  u n d f  0  r  t  h i s < t  h 0  s p i k i n g 0  0 1 u t  :L 0  n i t  s 0 1 f  w a s
a n a 1 y s 0  d a n d f  0  u n d t  o c 0  n t  a :i. n 0  n d r  i n i n t  h 0  c 0  r  r  0  c t
a m o u n t ) .  As w i l l  be 0 0 0 0 , t h i s  p rob lem  aros© a g a in  in  
subs 0 qu0 n t  0 xp 0 r i  m0 ntis ancl i s d i  s c u s s 0 d in  S0 c t i  0 n 
4 . 2 . 3 . .  N 0  0  a u s 0  w as  e v e r  0 s t  a b 1 i sh 0 d and t  h 0  p r  0 b 10 m 
r  0  m a i n is u n r  0  s 0 1 v 0  d .
A r  0  p 0  a t ' 0  f  t  h i s 0  x p 0  r  i m 0  n t  r  0  v 0  a 10  d n 0  i at p r  a v 0  m 0  n t  i n 
t h e  l i p i d  r e c o v e r y  or  t h e  r e p r o d u c i  b i 1 i t y  o f  1 i p i  d 
d e t e r m i n a t i o n  b u t  e n d r i n  was r e c o v e r e d  a t  a l e v e l  o f  
109. 37. f  rom t h e  sp i  k0 d ad s 0 r b 0 n t . 0 1hi0 r  o r g a n o c h l  0 r  i n0 s 
w 0  r  0  r  0 C0 V 0  re d  f  r  0  m t  h 0  s p i k 0  d a d 3  0  r  b 0  n t  a t  10  v 0 1 s 
between 88.37.  f o r  a lpha -H C H  t o  124.77. f o r  one o f  t h e  RGB 
p 0  a k s . R 0  c 0  v e r  i 0  s f  r  0  m t  hi 0  s p i k e d co w 's  fin i 1 k r  a n g 0  d f  r  0  m 
7 4 . 7 7. f o r  HCB and 123 .  67. f  o r  p , p ' ■•• DDT. hii ghi r 0 0 e v e r y  
v a l u e s  were due t o  t h e  p r e s e n 0 0  o f  i n t e r f e r e n c e s .
R0 p r 0 du0 i b i  1 i t y  f  a r  t h e  d e te rm in a t ic d n  0 f  s 0 1 0 c 1 0 cl 0 GPs in  
t  h e hi u m a n m i 1 k s a m p 10  s w a s v a r  i a b 10  w i  t  hi t  hi 0  w 0  r  s t  
r  e 1 a t  i v 0  s t  a n d a r  d d 0  v i a t  i  0  n b 0  i n g 21 .  0 7. f  0  r  I-I C B a n d t  hi 0  
b0 s t  b0 i ng 6.27. f  or  p , p ' - DDT b u t  t  hies0  va 1 u0 s may b 0  
mi s 1 e a d in g  du 0  1 0  i n 1 0 r f  0 r 0 n0 es i n  thi0  GG- ECD
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d e t e r m i  n a l i o n .
T h u s , G C P /  P C B r  e c o v e r  i e s s e e m e d t  □ b e v e r  y p r  o m i s i n g b u t  
l i p i d  r e c o v e r i  es  were d i  app a i  n t i  ng 1 y 1 aw and so e f f o r t s  
were d i  r  e c t e d  t  □ w a r  d s i m p r  □ v i n g l i p  i d e x t  r  a c t  i a n .
Exper i m e n t  6 .
“I"wo o t h e r  a d s □ r b e n t s  were ass e s s e d  f  o r  1 i p i d  e x t r a c t i  o n . 
F a u i'“ s a m p 1 e s w ere  p r  e p a r  e d :
1) A p p r  o x i m a t  e 1 y 3 /  4 o f  a 30 x 80  m m S o x h 1 e t  t  h i rn b 1 e f  t.i 1 
o f  f  i b r o u s  c e l l u 1ose f  o r  c o 1umn c h r o m a to g r a p h y  ( What man) 
was p l a c e d  i n  a g l a s s  m o r t a r .  F r e s h  human m i l k  ( 1 0 . 0  ml)  
was p i p e t t e d  on to p  of  t h e  a d s o r b e n t  and mixed i n .  The 
m i x t u r e  was d r i e d  i n  a f a n  oven a t  6 0 c:>C f o r  about  40  
m i n u t  e s .  The samp 1 e was t  hen t r  an s f  e r  r  ed quan t  .i t  a t  i ve  1 y 
w i t  hi h ex ane wash i ng s t  o a 30 x 80  mm c e l l  u 1 ose Sox h 1 e t  
t  h i rn b 1 e a n d e x t  r  a c t  e d o v e r  n i  g h t  w i t  h h e x a n e i n t  o a 250 m 1 
RBF. The e x t r a c t  was e v a p o r a t e d  t o  n e a r  d r y n e s s  u s in g  a 
r o t a r y  e v a p o r a t o r , was t r a n s f e r r e d  q u a n t i t a t i v e l y  w i t h  
hexane  w a s h in g s  t o  a t a r e d ,  c l e a n  g l a s s  v i a l  and t h e  
r  e m a i n i n g s o 1 v e n t  w a s e v a p o r  a t  e d o f  f  o v e r  a i r  a t  a b o u t  
4 0 c>C. The l i p ) i d  residue? was th e n  w e ig h e d .
2) The abewe p r o c e d u r e  was r e p e a t e d  s u b s t  i t u t  i ng t h e  mi 1 k 
w i t h  d i s t i l l e d  w a t e r  < 1 0 .0  ml)  and a 1 5 . 0 0  g / 1 0 0  ml 
s o l u t i o n  i n  h e p t a n e  of  mixed t r i g l y c e r i d e s  ( 2 . 0  m l ) .
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3) S a m p 3. e 1 w a s r  e p e a t  e d to u t  s u to s t  i t  u t  i  n g t  h e c e l l  u 1 o s e
w i t  h 50 :  507. v /  v s i 1 i c a (7 0 -•••230 m e s I") A S T M) s F 1 o r  i s i 1 (6  0 -
:l 0 0 m e s h A S T M) w i t  h a f  e w a n t. i -  to u m p i  n g g r  a n u 1 e s rn i x e d i n 
t. o i n c r  e a s e p o r  a s i t  y .
4) Sample  2 w a s d u p 1 i c: a t  e d u s i n g 11") e S i l l  c:: a k F 1 o r  i s i 1 
a d s o r b e n t  deiscritoed -for samp 1 e 3 .
R e s u l t s  and d i s c u s s i o n .
On w e t t i n g ,  t h e  c e l l u l o s e  became "mushy" and d i d  n o t  d r y  
w e l l  i n t  h e f  a n o v e n d ® s p i t  e o c c a s i o n a 1 r  e m i x i n g . 
How ever ,  t h e  c e l  1u l o s e - a d s o r b e d  sam ples  seemed t o  e x t r a c t  
v e r y  w e l l  i n  t h e  S o x h l e t s .  The m i l k  adsorbed  o n to  t h e  
c e 11u 1ose t  ur  ned s t r a w  y e l l o w  i  n o o 1 o u r , to u t  t  h e 
c e l l u l o s e  d id  n o t  r e t a i n  any s i g n i f i c a n t  amount o f  t h e  
co l  o u r .
The s i  1 i c a / F l o r  i s i  1 mi x t u r e  d r i  ed r a t h e r  toe11er i n t h e  
o v e n to u t  d i d n o t  a p p e a r  t  o to e q u i t  e a s p o r  o u s a s t  h e 
c e 11 u 1 o s e . Mu c h o f  t  h e y e 11 o w o o 1 o u r  a t  i c:j n i n 11") e 
e x t r a c t e d  m i l k  was r e t a i n e d  by t h e  s i  1 i c a / F l o r i s i  1.
L i  p i d c on t  en t  f  o r  t  h e h lam an m i 1 k samp 1 es wer e d e t  e r  m i n e d 
as:
C e 11 la 1 □ s e a d s o r  to e n t :
Si 1 i c a / F l o r i s i  1 a d s o r b e n t :
3.877.  m/v  
3.477.  m/v
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The t r i g l y c e r i d e  r e c o v e r i e s  were d e t e r m in e d  t o  be:
C e 11 u 1 o s e a d s o r  b e n t : 9 6 .  0 7.
S i 1 i c a /  F 1 o r  i i:-> i 1 a d s o r  b e n t  s 8 0 .  17.
It was quite apparent that the ce11uIose permi11ed far 
more e f f  i c i e n t  e x t r  ac t  io n  o f  t h e  l i p i d s ,  b u t  t h e  mushy 
c □ n s i  s t  ency o f  t  he damp ce 11 u 1 ase made quan t  i t  a t  i ve  
t  r  a n s f  e r  f  r  o m t  h e m o r  t  a r  t  o 11") e t  h i m b 1 e a w k w a r  d . 
F u r  t  h e r  m o r  e , t  h e c e 11 u 1 o s e a d s o r  b e n t  m i l  k e x t  r  a c t  w a s 
much d i r t i e r  on v i s u a l  i n s p e c t i o n  compared t o  t h e
s i  1 i c a / F l o r  i s i  1 a d s o r b e n t  e x t r a c t .
In  v ie w  o f  t h e s e  r e s u l t s ,  i t  was d e c id e d  t o  mix F I  o r i s i  1 
and c e l l u l o s e  i n  a r a t i o  of  50:507.  by vo lum e,  and t r y  
t h i s  as  an a d s o r b e n t .
E x p e r im e n t  7 .
Ex p e r i  ment 5 was r e p e a t e d  u s in g  a f r e s h  human m i1 k sampie  
t  ag e t  h e r  w i t h  c o w 's  m i l k  s amp1e s , a sp i k ed ad sor  b e n t a n  d 
a b 1 an k , b u t u s i ng 5 0 : 507. v /  v f  i b r  ous c e l l  u 1 o s e : F 1 or  i s i  1 
( 6 0 - 1 0 0  mesh) .
R e s u 11 s and d i sc uss i o n ._
L i p i d d e t  e r  m i n a t  i o n s f  o r  t  h e h u m a n 
2.877.  m/v  and 2 .707 .  m/v and f o r
m i1 k dup1 i c a t e s  w e re  
t  h e c o w ' s m i 1 k w e r  e
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3 .  3 0 7. m /v  anci 3 .  237. m /v ,  I h e s e  va 1 u 0 s a r 0  i n much b0 1 1 0 r  
a g re e m e n t  th a n  t h o s e  produced u s in g  t h e
F 1 o r  :i. s i 1 /  k e i s 0 1 g u h r  a c:l s o r  b 0  n t . "1“ h 0  t  r  i g 1 y c 0  r  :i. d 0  r  0  c o v e r  y 
•from t h e  s p i k e d  a d s o r b e n t  was 92 .17.  which was deemed 
a c c e p t a b l 0 .
The a d s o r b e n t  seemed t o  be v e r y  p e rm e a b le  t o  t h e  s o l v e n t  
d u r i n g  e x t r a c t i o n ,  y e t  t h e  F l o r i s i l  r e t a i n e d  a l o t  o f  th e  
c o l o u r  p rodu ced  and a l s o  r e t a i n e d  any r e s i d u a l  w a t e r .  As 
a con sequence  o f  t h i s  1 a 1 1 e r  o b s e r v a t  .i on , :i. t  was
c o ri s i d e r  e d u n n e c e s s a r  y t  o f  i 11 e r  11") e e x t  r  a c t  s t  h r  o u g h a n 
an h y d ro u s  sodium s u l p h a t e  bed and so t h e y  were m e r e ly  
f i l t e r  e d t  hroug h Wh a t  man N o . 1 f  i 11 0 r  p ap e r  s .
11 seemed t h a t  t h e  f  i b ro u s  n a t u r e  o f  t h e  c e l l  u 1 ose  
p a r  t  i c 1 es  p r  e ven t  ed or  d e r  ed p ac k i n g of  t  he F 1 or  i s i 1 t  hu«;* 
i n c r e a s i n g  p e r m e a b i 1 i t y .
The b 1 ank was» f  ound t o  be qui t e  d i r t y  on GC ana 1 y s i  s and 
a |") p e a r  e d t  o c o n t  a i n c e r  t  a i n G C P s , p a r  t  i c u 1 a r  1 y g a m rn a -1*1 G l-l 
and d i  e l  d r  in . '  T h i s  was a t t r i b u t e d  t o  t h e  c e l l u l o s e  which  
was manuf ac t u r  ed dur  i ng t h e  1960 ' s and was o f  p 1 an t  
or  i g i n . C onsequen11 y , GCP res:i. dues were t o  be ex p e o t  e d . 
As a r e s u l t ,  i n  f u t u r e  e x t r a c t i o n s ,  t h e  a d s o r b e n t  was 
S o x h l e t  e x t r a c t e d  w i t h  h e p ta n e  b e f o r e  use .
R e c o v e r i e s  f o r  OCPs and RGBs were no t  c a l c u l a t e d  b u t  on
1
i n s p e c t i o n  a p p e a re d  t o  be v e r y  good e x c e p t  f o r  e n d r i n
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w h :i. c h was a g a :i. n 1 a s t . Del t  a -  I-I C H r  e c o v e r y ,  a s b e f  o r  e , w a s 
1 ower t.h an d es i  r e d . T y p i c a 1 c h r a  matograms f  o r  hlaman m i l  k 
and t h e  b l a n k  a d s o r b e n t  a r e  shown in  F i g u r e  19.
F u r t h e r  e xp e r  i menta t  i o n .
R e p e a ts  o f  e x p e r im e n t  7 r e v e a l e d  s e v e r a l  p o i n t s :
i ) W a s h i  n g t  h e a d s o r  b e n t  b y 8 o x h 1 e t  e x t  r  a c t  i o n p r  i o r  t  o 
use gave r i s e  t o  a much c l e a n e r  b l a n k .
i  i ) D e l t a  -  hi C H r  e c o v e r  i e s w e r  e r  o u t  i n e 1 y low e r  t  h a n a t  h e r  
HCH i somer s and was t  yp i c a 3.1 y a r  ound 657.»
i i i )  Both OCP and PCD r e c o v e r i e s  were a c c e p t a b l e  and 
a d e q u a t e l y  r e p r o d u c i b l e  (see  S e c t i o n  6 . 2 . 2 . )  e x c e p t  f o r  
d e l t a -  H C H w h i c h r  o u t  i n e 1 y e x h i b i t  e d a n u n u s a b 1 y 1 o w 
r e c o v e r y .
i v )  L i p i d  r e c o v e r i e s  w ere  t y p i c a l l y  around 947. and 
r e p r o d u c i  b 1e < see Sec t  i on 6 . 2 . 2 . ) .
v)  E n d r in  s t i l l  a p p eared  t o  be " l o s t "  o c c a s i o n a l l y .  I t  
was n o t i c e d  t h a t  e n d r i n  r e c o v e r y  was e i t h e r  v e r y  good or  
v i r t u a l l y  z e r o  and n e v e r  i n  between t h e  two e x t r e m e s .  No 
e x p 1 a n a t  i o n c a n b e o f  f  e r  e d f  o r  t  h i is s t  r  a n g e e f  f  e c t ..


























t o o  " d i r t y ” -for d i r e c t  d e t e r m i n a t i o n  o f  a n a l y t e s  and GC- 
MS would  have t o  be u s e d .
v i i )  A l t h o u g h  l i p i d  r e c o v e r i e s  were d e t e r m in e d  u s in g  an 
a r t i f i c i a l  m i x t u r e  o f  t r i g l y c e r i d e s  ( W i t e p s o l  H15 i s  a 
m i x t u r e  o f  s a t u r a t e d  t r i g l y c e r i d e s  d e s ig n e d  t o  m e l t  a t  
body t e m p e r a t u r e )  i t  was c o n s id e r e d  t h a t  . . r e c o v e r ie s  based  
on t h i s  m i x t u r e  w ou ld  a d e q u a t e l y  r e f l e c t  m i l k  f a t  
r e c o v e r i e s  d e s p i t e  t h e  f a c t  t h a t  t r i g l y c e r i d e s  i n  m i l k  
a r e  bound i n  a p r o t e i n  s h e a t h .  The m ix in g  and d r y i n g  o f  
t h e  m i l k  w i t h  t h e  a d s o r b e n t  a lm o s t  c e r t a i n l y  d e s t r o y s  t h e  
i n t e g r i t y  o f  t h e  m i l k  f a t  g l o b u l e s  and so r e l e a s e s  t h e  
m i l k  l i p i d s .  C o n s e q u e n t l y ,  r e c o v e r i e s  o f  t h e  W i t e p s o l  
w ere c o n s i d e r e d  an a d e q u a t e  i n d i c a t o r  o f  m i l k  l i p i d  
e x t r a c t i o n .
v i i i )  The F I  o r i s i  1 / f i b r o u s  c e l l u l o s e  p r o v i d e s  a porou s  
a d s o r b e n t  s u b s t r a t e  w h ic h  p e r m i t s  good r e c o v e r y  o f  b o th  
l i p i d  and o r g a n o h a l o g e n  r e s i d u e s ,  b u t  a p p e a r s  t o  r e t a i n  a 
l o t  o f  unwanted com po nents  and breakdown p r o d u c t s  o f  t h e  
m i l k  m a t r i x .  R e s i d u a l  w a t e r  does n o t  seem t o  pass i n t o  
t h e  hexane t h u s  o b v i a t i n g  t h e  need t o  d r y  t h e  e x t r a c t .
R e c o v e r i e s ,  r e p r o d u c i b i l i t y  d a t a  and o t h e r  method  
p e r f o r m a n c e  c h a r a c t e r i s t i c s  f o r  t h e  e n t i r e  e x t r a c t i o n ,  
c l e a n - u p  and q u a n t i t a t i o n  p r o c e d u r e  were f u r t h e r  assessed  
i n  an e x t r a c t i o n  e x p e r i m e n t  i n v o l v i n g  f i v e  r e p l i c a t e  
a d s o r b e n t  s p i k e s .  D e t a i l s  o f  t h i s  a r e  t o  be found i n
S e c t i o n  6 . 2 .  e t  s & q . .
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4 .  TECHNIQUES USED FOR THE CLEAN-UP OF MILK EXTRACTS.
4 . 1 . I n t r e d a c t i o n
The c o n e :e n t ra t  i ons o f  0 CP s and PCBs r e  1 a t  i ve t.o t h e  
n a t u r a l  components o f  human m i l k  a r e  v e r y  low.  For  
e xamp1e , t  he l i p i d  con t  en t  o f  h uman m i 1 k i s r  o u t  i n e 1y i n 
t h e  r e g i o n  o f  10® t i m e s  g r e a t e r  th an  t h a t  o f  an 
i n d i v i d u a 1 o r  g a n o h a 1 o g e n c o n t  a m i n a n t . S o fn e m e t  h o d s o f  
an a I  y s i  s c: omto i n e t  h e ex t  r  ac t  i on an d c 1 e a n -  up wh e r  eas  
oth iers  p roduce  r  e 1 a t  i vol. y " d i r  t y  " ex t r  a c t s  wh i ch r e q u i  r e  
e x t  e n s i v e c 3. e a n -  u p . A11 m e t  h o d s o f  e x t  r  a c t  i o n e 3. i m i n a t  e 
t h e  w a te r  component o f  t h e  m i l k ,  b u t  o t h e r  m i l k  
c o n s t  i  t u e n t  s , p a r t  i c u l a r  1 y 1 i p i d s , o f  t e n  remai  n i n the: 
e x t r a c t  and must be removed p r i o r  t o  q u a n t i t a t i o n .  
C l e a n - u p  may be r e g a r d e d  as an e n r i c h m e n t  s t e p  whereby  
t h e  p r o p o r t  i on o f  o r g a n o h a 1ogens i n t h e  samp1e r e 1 a t  i ve  
t o  t  hi e i n t  e r" f  e r  e n c e s i s i  ri c r  e a i:-> e d . W i t  hi a p p r  o x i m a t  e 1 y a
C
10° f o l d  ■ excess  o f  i n t e r f  e r  i  ncj compounds o v e r  t h e  
a n a l y t e s ,  an e f f i c i e n t  c l e a n - u p  i s  t e c h n i c a l l y  d i f f i c u l t  
e s p e c i a 1 1 y f  o r  m u 11 i -  r  e s i d u e s a m p 1 e s w hi e r e  d i s c r  i m i n a t  i  o n 
between t h e  a n a l y t e s  must be m in im i s e d .
The u 11 i mat e aim o f  a o 1 e a n u p  pr  oce d u r  e i s t  o pr  ov i de a
s a m p i e  o f  a t  1 e a is t  a d e q u a t  e q u a 1 i t  y a n d c o n c e n t  r  a t  i o n f  o r
t  hi e m e t  h o d o f  d e t  e r  m i n a t  i o n t  o b e e m p l o y  e d » I n p r  a c t  :i. c a 1
t e r  ms, t  h i is usua 1 1 y mean is t h a t  a l l  t  hi e 1 i p i d s ,
m ac ro m o le c u le s  and :i. oni c s p e c i e s  must foe removec:l. 1"he
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d e g r  e e  o  f  t  a  1. e r  anc::0  o f  0 t I t 0 r  m a t e r i a l s ,  s u c h  a s  s t 0 r  o i  d a  1 
c o m p □ u n d s , v  i  t  a  m i  it s 0 1 c:. a  g a  :i. n d 0  p 0  n d s  o n t  It 0  m 0 1 h □ d o f  
d 0 t 0 r mi n a t .  i  on  , b u t  m a .j o r  c::an t a m i  n atio 11 wi  t h  t h 0 s 0  
s u b s t a n c 0 s  s h o u  1 d g 0 n 0 r a  11 y  b e  a v 0 i  d 0 d .
C10  a n •••• u p m e t  h o d s r e l y  a n p h y s i c a -  c h 0  rn i c a 1 d .i f  f  0  r  0  n c 0  s
be tw een  t h e  a n a l y t e s  and t h e  i n t e r f e r e n c e s .  T h i s
e x p l o i t a t i o n  o f  d i f f e r e n c e s  can a l s o  be used t o  
f  rac:t  i o n a t e  t h e  ana 1 y 1 0 s i nt.o groups  and t h 0 r 0 by r e s u  11 
i n  a combi ned c 10 an- u p / f  r a c t i  o n a t i  on o f  t h e  <::>a m p l e w h i  ch 
i s o f t  0  n r  0  q la i r  0  d p r  i o r  t  o , s a y ,  G C -  E C D d 0 1 0  r  m i n a t  i o n o f
0  r  g a  n o It a l o g e n s .
T h e  d i  s  c: la s  s  i o n  t  h a  t  f  o  11 o w s  o la 1 1 i  n 0  s  t  I t 0  m a  i  n a  p p r  o  a c h 0  s  
t o  t h e  c l e a n - u p  o f  h u m a n  m i l k  e x t r a c t s  a n d  i n c l u d e s  
r  0  f  0  r  0  n c e  s  t  o c o m b i  n 0  d 0  x t  r  a  c t  i  □ n /  c 10  a  n -  u  p t  y  p 0  m 0 1 h o d s  . 
A g e n e r a l  t h e m e  t h r o u g h o i . A t  t h e  l i t e r  a t  la r e  i s  t h a t  r e m o v a l  
o f  t h e  l i p i d s  p o s e s  t h e  m a j o r  c h a l l e n g e  t o  t h e  a n a l y s t  
s  i  n c 0  0  x t r a c t i o n  me t  h o  d s  t e n d  t  o 0 1 i  m i  n a  t. 0  t  h 0  m a j o r i t y
o f  t h e  m o r e  p o  1 a r  mi 1 k c:o n s t  i  t u 0 n t s  ( s u c h  a s  p r o 1 0 i  n 0 ,
c a r b o h y d r a t e s , e l e c t r o l y t e s  e t c . )  a n d  t h i s  i s  r e f l e c t e d
1 it t  h 0  n a  t  u r  e  o  f  t  h e  c 10  a  n -  la p p r  o c 0  d u r  0  s .
TIt0 c l  0 a n - up p r o c 0dlar0 s may b 0 slammar i s0 d a s : i  ) so 1 v 0 n t
p a r t  i t  i o n i it g , i i ) c It 0 m i c a 1 d 0 g r  a d a t  i o n ,  i i i ) c r  y o g 0 n i c 
p r e c i p i  t a t  i on o f  l i p i d ,  i v ) a d s o r p t  i on column  
c It i'" o m a  t  eg r  a p h y i i t  c:: 1 u d i n g c:: o m It i it 0 d c 10 a it -  la  p /  f  r  a c t  :i. a n a t  :i. o it , 
v > g 0 1 p 0 r  m 0 a t  i o n c It r  o m a t  o g r  a p It y a it d v i ) I-j P I..., G. C o m b i it e d
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ex t r a e t  :i. on anc:l c 1 e a n lap p r 0c 0cllar0s a r e  d0sc:r i b0c:l i n 
Se c t i o n  3 . 1 . 2 . .  Ex t r a c t  c onc 0 nt r a t i 0 n p r o c e d u r e s  a r 0  a 1 s 0  
d:i. s c u s s 0d .
4 . 1 . 1 .  S o 1 v 0 n t  p a r  t  i t  □ n i n g «
In t h i  s t y p 0  0 f  m0 1h0 d , t h 0  1 i p i  d c a n t a i  n i  ng 0 x t r a c i  i  n
a h y d r  a  c a r  b 0  n s a 1 v 0  n t , i  s p a r  t  i  t  :i. 0  n 0  d w i t  h a m 0  r  0  p 0 1 a r  
0  r  g a n 1 c s 0 1 v 0  n t  s u c h a s a c 0 1 0  n i t  r  i I 0  £ '5 9 > 0  r
d i fti 0 1 h y I f  0  r  m a m i d 0  < D lvl F > £ 7 9 '.)•. T h 0  m 0  r  0  p o 1 a r  p h a s 0  ,,
c 0 n t  a i n i n g t  h 0 0 r  g a n 0 h  a 1 0 g 0 n s , i s t  hi 0 n r  0 fa 0 v  0 d , d i 1 u 1 0 d 
w i t  hi a n a q u 0 0 u s s a 1 u t  i 0 n , a n cl b a c k -  0 x t  r  a c 10 d i n t  <3 a
h y d r  0 e a r  b 0 n s 01 v 0 n t . T h 0 1 i p 1 d s r  0 fa a i n 1 a r  g 01 y i n t  hi 0
0  r  i  g i  n a 3. h y d r  0  c: a r  to 0  n p h a s 0  a n d t  h 0  0  r  g a n 0  la a 1 0  g 0  n s s h 0  li 1 cl 
ond up i n  t h e  second h y d ro c a rb o n  phase .  Do F a u b e r t  
li a 1.1 n d 0  r  e t  a 1 „ £ 7 9 > r  0  p 0  r  1 0  d a d 0  q u a 1 0  c 3. 0  a n -  u p a n d
r" 0  c 0  v 0  r  i 0  <■:> u s i n g t  hi i s a p p r  0  a c: h w i t  h D li F a s t  hi 0  p o 1 a r
s o l v e n t .  W h 0  r  0  P C B s a r  0  c 0  n c 0  ru n 0  d h 0  w 0  v 0  r  , p a r  t  i c: la 1 a r  3. y 
w i t h  a c e to n  i t r  i 1. 0  as the? p o l a r  s o l v e n t ,  t h e  r e c o v e r i e s  o f  
s 0 rn0  c 0 n g e n e r  s may be p 0 0 r  du0  tc:i unf  a v 0 lar  a b 3. 0
p a r  t  i t  i 0  n i n g p r  0  p e r  t  i 0  s £ G 0 !)•. T hi 0  m 0 1 h o d i s t  i f 110 -
c 0  n s u m i n g , 0  x p 0  n s i v e? i n 1 0  r  m s o f  c 0  rn i;:i la nri a b 10  s a n cl t  hi e
0 x t r a c t  may need f  lar  thi0 r  c 1 0 an •-lap .
4 . 1 . 2 . C h em ica l  d e g r a d a t i o n .
"I"h 0 s 0  met hi 0 d s o f  c le a n - la p  a r e  g 0 ri 0 r  a 1 3. y us 0 d f  0 r  t  hi 0  
d 0 1 0  r  m i n a t  i 0  n o f: P C B s a 1 0  n 0  i n t  hi 0  p r  0  s 0  n c 0  0  f  G C P s a n cl
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a 1 m ost c e r t a i  n 1 y r e s u  1 1 i n t h e  d e g r a d a t  i en o f many o-f t h e  
p e s t  :i. c i  d e s . G □ n s e q u e n 1 1 y , t  h e y w i  3.1 n o t  b e c o n s i d e r  e d i  n 
d s t a i  3. bt.it :i. nc 1 ude □ x :i. d a t  i  □ n o f DDT and i  t s  d e r  :i. v a t  i  v e s 
t  cd d i  c h 1 cd r  o I:d e n z cd p h e n cd n e s f cd r  s u b s e q u e n t  r  e m cd v a 1 p r  i cd r  t  □ 
t h e  d e t e r m i  n a t  i  cdn o f  F::‘CBs {8  j. > - Hcdw e v e r  , t.h i  s may c a u s e
1 o s s cd f 1 cd w e r  -  c:: h 3. cd r  i n a t  e d P C B s a s w e 11 i  (ill 2 > »
Sap cd n :i. f  i  c a t  i  o n a n d a c i d h y d r o l y  s :i. s t e e  h n i c:| u e s e s s e n t  :i. a 3.3. y
•f o r  m p a r  t  s cd f: c. o m b i n e d e x t  r  a c: t  i  o n /  c 1 e a n  i.i p m e t  h o ci s a n c:l
a r  e c:l 0 b c r  i b e d be 1 o w. H cd w e v e r  , B r  0 v :i, k ■(! 8 3 > u s 0 d a c:: :i. c:l a n d 
a l k a l i  t r e a t m e n t  s e p a r a t e l y ,  p o s t - e x t r a c t i o n , as  a 
c 1 0 a n ™ u p p r  cd c 0 d li r  0 f  a r  a i  0 w s 0 1 0 c 1 0 c:l 8 C P s .
4 . 1 .  3 .  C r  y cd q e n i c p r  0 c i p i t  a t  i o n cd f  1 i p i ci s .
T h i s  s i  m p 1 0 m 0 t. h o ci o f r  0 m cd v i n g 1 i p i ci s i n v cd 1 v 0 s c cd q 1 i  id g 
t  I d 0 0 x t  r  a c t  c o n t  a i n i n g t  h 0 o r  g a n o I d a 1 cd g 0 n s t  cd a b o u t  -  7  8 <r> C 
•C 8 4 ]■ 1.1 s i. n g , f cd r  e x a ai p 1 0 , m e t  Id a n o 3. /  s cd 1 i d C 0 a m i t u r e .  A t: 
t  h i  s 1 0 m p e r  a t  u r  e , 3. i  p i  ci s a n ci o t  I d 0 r  s u b s t  a n c: e s
p r  e c: i p i  t  a t e  cd li t  cd i  s cd 3. u t  i. cd n a n d t  h 0 <:•> u p 0 r  n a 1 0 n t  3. :i. q u i. c:l 
can t h e n  be re m o v e d . The 'm ethod h a s  been used  
s u c e 0 s s i  u 11 y b u t  t  l“i 0 p o s s i b i 1 :i. t  y e h  i s t  «;•» -f cd r  t  r  a p p i n g 
r  0 s i  d u 0 s i  n t  h 0 s o l i  d :i. f  i  e ci l i p i d .  A g a i n , 0 x t  r  a c t  s m a y
n 00d -f u r  t  Id e r  c l e a n - u p .
4 j . . 4 .  Ads o r  p t  i o n c h r  o m a t  cd g r  a p h y »
F i.i r  t  h e r  t  o t  h e cr. o m b i n e d 0 x t  r  a c t  i o n /  c 3. cd a n -  u p 5 1 u r  r  y
1 0 c:hn i ques , ad s o r  p t  i on c:: h r  ama t  □ g r  aphy c 1 e an - ups f  or  
1 i p i  d” Con t  a i  n i ng samp 1 es a r  e v e r  y w i d e l y  used {815!)•, A 
v a r i e t y  o f  s t  a t  i o n a r  y p h a s e mate r  i a 1 s ( o f  t  e n t  o p p e c:l w i t  h 
a 1 a y e r  o f  a n h y d r  <::) u s s o d i u m s u 1 p In a t  e a s a d r  y i n g a g e n t ) 
has been used i n c l u d i n g  F I  o r  i s i  1 -C61 , 6 3 ,  7 4 ,  8 6 ,  8 7 ,  88> 
an d a 1 um i n a { 89 } f  cdr l i p i d  r  emcdva 1 and F 1 cdr i s i  1 , a 1 um i n a 
{ 9 0 ,  s i l i c a  g e l  { 7 3 ,  9 0 ,  9 1 } ,  magnesium o x i d e  { 9 2 }  and
c a r  b o n { 9 3 3- f  o r  f  u r  t  h e r  c 1 e a n -  u p a n d f  r  a c t  i cd n a t  i cd n - 
R e c o v e r  i e s cd f  d i f  f  e r  e n t  c:: cd m p cd u n d s v a r  y c o n s i c:l e r  a b 1 y »
R e t  e n t i e  n o f  F‘ C B s a n d (I) C P s i s c cd n t  r  o 11 e d b y t  In e a c t i v i t y  
a n d c cd m p cd s i t  i o n cd f  t  h e a d s o r  b e n t  a n d t  In e c cd m p cd s i t  i cd n o f  
t h e  m o b i le  ph a s e .  W ith  so many v a r i a b l e s ,  t h e  volume of  
1 i t  e r  a t  u r  e c cd v e r  i n g t  h i s t  cd p i c  i s  v a s t . A d s cd r  p t  i cd n 
c In r  o m a t  cd g r  a p h y i s  p o s s i b 1 y t  h e m cd s t  w i d e 1 y u s e d t  e c In n i q u e 
and a l l  ows f  r  a c t  i o n a t  i on wh i ch i s  f  r  e q u en t  1 y r  equ i  red  
p r  i o r  t  o q  u a n t  i t  a t  i o n b y m e t  In o d s o f 1 cd w  s e 1 e c t  i v i t  y . 
A1 u rn i n a a n d s i 1 i e a a r  e p a r  t  i c u 1 a r  1 y c o m m o n m a t  e r  i a 1 s f  o r  
s e p a r a t i o n  o f  OCRs •from each o t h e r  and f rom  RGBs. Carbon  
t  o o In a s b e e n u s e d f  o r  t  In i  s p u r  p o s e , b u t  a 1 s cd t  o s e p a r  a t  e 
RGB c o n g e n e rs  f ro m  each o t h e r  on t h e  b a s i s  o f  d i f f e r e n t  
d e g r  e e s o f  cd r  t  In o s u b s t  i t  u t  i  o n .
M cd b i  1 e p In a s e s v a r  y v cd r  y w i ci e 1 y , t  In cd u g h t  In cd y a r  e a 1 w a y s cd f  
low t cd i n t e r m e d i a t e  p cd 1 a r i  t y .
T h e m a i n p r  cd b 1 cd ms w i t  h a d s o r  p t  i cd n c cd 1 u m n c 1 cd a n -  u p s a r  e 
b a t  c:: In --1 cd ~ b a t  c In v a r  i a t  i cd n cd f  c h r  cd m a t  cd g r  a p h i c p r  o p e r  t  :i. cd s
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a  n  c i c i i  f  f  i  c  u  1 1  y  i  id c:: a  n  t  r  a l i i ,  n  g  t  h  e  a  c  t  i. v i. t  y  a  f  t .  h  e  
a  d  s  o  r  b  e  n  t .  1" h  e  s  e  p  r  o  b  1  e  m  s c a n  b e  c cd n  t  r  o  1 1  e ci b  y c a  r  e  f  u  1
s  t  a  n  c i a  r  c i i  s  a  t  i  o  n  o f  e a c  h  b a  t  c: h  cd f  a  d  s  a  r  b a  n  t  a  n  d  p e  r  h  a  p  s
u  s i  n  g  e  3. la i  i. cd n  m  a  r  k  e  r  «•> s  u  c  h  a s  a  z  u  1 e n e ,  lvl e  t  h  cd c i s o  a  n  a  1 s cd
b ©  q  i.i i  t  ©  1 a  b o u  r  i  n t  e n s :i. v © a  n ci cd x p cd n s i. v e i  n t .  a  r  m  s cd f
c cd n s i.i m a b 1 a s , a  n c i e a c  h f  r  a c t  i .  o n h a  s t  cd I:d e a n a l  y s e  c:l 
s e p a r a t e l y »
E v  i. ci cd n 1 1 y  , r  cd (in cd v  a  1 cd f  1 i  p i. d is b y  a  ci s  o  r  p t  i. cd n c h r  cd m a  t  o g r  a  p h y  
i  s  n cd t  ci i  f  f  i  c:: u 1 t , b la t  cd f  f  e  c. t  i  v  cd a n ci r  cd p r  cd ci u c: i  b 1 cd 
■ f r a c t i o n a t i o n  c a n  b e  a  p r o b l e m  a n d  a c id s  t o  t h e  c o m p l e x i t y  
cd f  t  l' i e  a  n a  1 y  t  i  c: a  1 p r  cd <::: e  ci i.i r  e . W :L t  h t  h e  a  ci v  e  n t  cd -f v  e  r  y  
s e l e c t i v e  q u a n t i  t a t  i  cdid t e c h n i  c:|ues , i t  w o u l d  s e e m  m o r e  
e f f i c i e n t  t o  e x p e n d  l e s s  e f - f o r t  on  e x t e n s i v e  a d s o r p t i o n  
c h r  o m a t o g r  a p h y  c l e a n - u p s  a n d  f  r a c t i o n a t i  o n s ,  a n d  make? uscd 
cjf t h e  c o n s i d e r a b l e ?  s c ? l e c t i v i t y  o - f - f e r e d  b y  t c D c h n i q u e s  
s u c h  a s  GC-M8 t o  d i i f e r e n t i a t e  b e t w e e n  a n a l y t e s .
4 .  1 . J ,  Gel .£ejini©aj^i_on iGPC)-
Gel p e r m e a t io n  has g a in e d  w ide  a c c e p t a n c e  as a p r i m a r y  
c l e a n - u p  t e c h n i q u e  t o r  t h e  removal 1 o f  l i p i d s  f rom  f a t t y  
s a m p 1 e s . R e t  e n t  i cd n c I d a r  a c t  e r  i s t i c s  o f  a G P C co l  u m n a r  e 
g cd v e r  nc?d 1 a r  g e 1 y by a m i x t  u r  e o f  «•> i z e e x c 1 u is :i. cd id a n ci 
a d s o r p t i o n  t y p e  mechanisms; t h e  r e t e n t i o n  volumes o f  
mate r  i a 1 s c h r  o m a t  o g r  a p h e ci  u s i  n g G P C c a n , t  Id e r  e f  o r  e , b cd 
v a r  i e ci b y u s i n g ci  i f  f  e r  e id t  m o b i 1 e p Id a s e c o ft) p o s i t  i o id s  « T Id i s 
i s par  t  i c u 1 a r  1 y t  r  la cd f  o r  s m a 11 e r  mole c la 1 e s w Id i. o h a r  e
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ex p a s 0 d t  a a g r  0 a 1 0 r  0 lar f  ace a r  0 a 1 n t  Ide GPC ca 1 lamn
haw ever  , :i. n g e n e r a l  , 1 e s 0  slab11 e c 0 n t r 0 1 may be e x e r  c:i. sed 
o v e r  l a r g e  malec: la 1 es s i n c e t  h ey a r  e ex c 1 lad ed f  r  0 m mlac h 0 f  
t h e  s t  a t  :i. 0  n a r  y p h a s e s la r  f  a c: e „ T h :i. s t  y p e 0  f  s e 1 e c t  :i. v :L t  y 
t  la n i 11 g i s p r  0  b a b 1 y d la e a 1 m 0  s t  e n t  i r  e 1 y 1 0  s h i f  t  s :i. n t  h e 
ad s 0 r  p t  i 0 n k i n e t  i  c s an c:l 0  qla i 1 i br  :i. a s i nc e m0 d e s t  e h anges  
i n m 0  b i  1 0  p h a s e c 0  m p 0  s i 1 1 0  n a r  e la n 1 i k 0 1 y t 0  h a v 0  a 1 a r  g 0  
e f f e c t  0  n t  h e s i z  e e x c 1 la s  I  o  n p r  0  p e r  t  i e s 0  f  t  h e s y & t  e m - 
D i f  f  e r  e n t  s 0 1 v e n t  s w :i. 11 g i v e  r  :i. s e 1 0  d i f  f  e r  e n t  d e g r  e e i:;> 0  f  
swe 11 i ng o f  t h e  p0 1 ymer g e l  and d i f  f  e r  enc:e0  i n t  he 
d i f  f  la s i a n p r  0 p e r  t i e  s cd f  t  h e a n a 1 y t  e s w it  h :i. n t  h e m 0  b i l e  
p h bse! , l"i 0  we v e r  , i t  i «•> la ri I  i k e 1 y t  Id a t  t  h e e  v a r  i a t  i cd n «■> 
wo la Id  have  as miAch e f  f  ec:t on t h e  s e l  e c t i  v i  t y  as wo la Id  
e h a n g e s i i d a d s cd r  p t  i  v e p r  cd p 0  r  t  :i. e s T  h e t  h e cd r  y a n c:l p r  a e t  i c: e 
of  GPC has been e x t e n s i v e l y  r e v ie w e d  e l s e w h e r e  {94}»
B io - D e a d s  GX-2 -C95, 9 6 }  and ,  mcDre r e c e n t l y ,  B io -B e a d s
S X -  3  -C 9 7 ,  9 8  }  h a  v  e  b 0  cd id w i d cd 1 y  i n v  0 s  t  i g a t  cd d a n d la s  0 d f  0  r  
t  h e  p r  i  m a r  y  c 1 e  a n -  u p o f  f a t -  c cd id t  a i n i  n g s a m p 1 e  s « L... :i. p i d 
(™ a p a c i t  y  i  s g cd i d e  r  a 1 1 y  h i g I d (d e p e n ci i n g 0  n t  h e  s i. z 0 cd f  t  h 0  
c o 1 la rn n ) b la t  s  0 1 v  0  n t  c cd n s la m p t  .i. 0  n i  0  q la i  1 0  1 a  r  g e  a  n cl t  h e  r  e  
i  s  o  n 1 y  v  cd r  y  1 i  m i  t  e  d s  c 0  p 0  f  cd r  f  r  a  c t  i  cd i d a  t  i  cd n 0  f  P C B s  a  i d d 
□ C P s  s  I'D 0  la 1 d t  I'D i  s  b e  r  e  q u i  r  e  ci „ D e  p e  n d i  n g 0  n t  h e  n a  t  la r  cd cd f  
t  h e  s  a  m p 1 e  s  a  n ci t  I'D e  s  u b s  0  q la 0  n t  m e  t  I'd cd ci cd f  ci 0 1 0 r  m i  i d a t  :i. cd n , 
s  a  m p 1 e  s  m a y  n e  0  d f  la r  t  h cd r  c l e a  n -  la p a  f  t  e  r  G P C * Fi 0  c 0  v  e  r  :i. e  s  
a  r  cd g cd i d e  r  a l l y  v  e  r  y  g 0  cd ci •(! 97  , 98  } a  i d ci t  I d 0  1. i  p i  ci i  s
r  e c 0 v e r a b  1 e . T I d e ccd.1 lamn i s a 1 s 0  r  e  n s a b le  wh :i. c:Id per  itii t  s
a la tom a t  i on -
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A n i  id 1 e  r  e s t  :i. n g a d v a n c 0 i n t  h i  s f  :i. 0 1 d i s t  h 0 u s 0 o f  h :i. g h
p 0 r  f  o r  rn a n 0 0 G P C m a t e  r  :i. a 1 s a n d M a . j c:) r  s a n d J 0 h n s o n i  9 9 >
d e m o n s t r a t e d  t h e  s e p a r a t i o n  o f  DDT f ro m  l i p i d s  u s in g  a
h i g h p e r  f  o r  man c: 0 GPC m0 1 h od . As w i  11 b 0 s 00 n l a t e r - (s e e
S0c:t i on 4 . 2 .  ) t h 0 a d v a n t a g 0 s o f  u s i  ng h i  gh p 0 r f  o rm a n c 0 
G P C :i. n c 1 u d 0 h i g h t  Id r  o u g h p u t , 1 o w <3 a 1 v 0 n t  c a n s u m p t  i  a n ,
h i  g h 1 i p i  d c a p a c i t  y , 1 o w a n a 1 y 1 0 f  r  a c t  :i. o n v o 1 u m 0 ,
r  0  c o v 0  r  y o f  t  h 0  1 i p :i. d a n d c 0 1 u m n r  e  u s a b i 1 i t  y i  i 0 0 > .
4 .  1 . 6 .  H igh  p e r f o r m a n c e  1 i q u id  c h r o m a t o g r a p h y „
T h 0 a c:l v a n t  a g 0 s o f  h i g h r  0 s o 1 u t  i o n a n d 1 o w s o 1 v 0 id I: 
co n su m p t io n  o f f e r e d  by HPLC a r e  an a t t r a c t i v e  c o n t r a s t  t o  
t  r  a d i t  i  o n a 1 1 cd w r  0 s o 3. u t  i o n a c:l s o r  p t  i o n c cd 1 u m n
c h r o m a t o g r a p h y . V0 r y  l i t t l e  wor k has !:d00n c::arr i ed cdut 
u s in g  HPLC as a p r i m a r y  c l e a n - u p  s t e p  and much o f  t h i s  
w cd r  k h a s b 0 0 n p 0 r  f  o r  m 0 d 1.1 s i n g p r  0 p a r  a t  i v 0 <3 c a 1 0 H P I..,. C
( ia) i t  h c cd n c cd m i t  a n t  I d i g h s o 1 v e n t  c o n s u m p t  i o n ) o r  t  I d 0 
t 0 e h id i q u 0 w a s e m p 1 o y 0 ci cd id 1 y as a 0 <:: o n c:l a r  y c 1 0 a n -  
u p /  f  r  a c t  i  cd n a t  i cd i d s 1 0 p I  i 01 > » B o t  I d n cd r  in a 1 a n d r  0 v 0 r  s 0 d -  
p h a s 0 met h o ci s have bee n u s e ci«
The use o f  HPLC as a p r i m a r y  c l e a n - u p  technique** was,  
I'D cd w0 v 0 r  , a b l y  demcdn s t  r  a 1 0ci ta y (3 i 1 3. 0 sp i e an c:l W a i t e r  «i> 1 102 > 
u s i n g s i l i c a  as t  Id 0 s t  a t i o n a r y  p Id a s 0 a n c:l v a r  i o u s 
I d 0 a n 0 /  ci i c I d 1 o r  o m 0 1 I d a n 0 m cd b i I  0 p I d a s 0 s . W i t  I d s u c:: h s y s 10 m <;;>, 
1 i p i ci s a re  <:> t  r  cd n g 1 y r  01 a i n 0 ci a n d o r  g a n cd I d a 1 o g 0 i d s 1 0 n d t  o
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0 1 i..i t . 0  b e f  o i'" 0  t  h 0  - fa t  s ■ IJ s i n g g n 1 y a n a n a 1. y t  i c a 1 s c a l e
c □ 1 i..i m n (I) C R s c o i..i 1 cl b e s e p a r  a t  e d f  r  o m :l. 0 0 m g a f  1 :i. p :i. d a n d 
w i t  h a is 0  rn i p r  e p a r  a t  :i. v 0  s c: a 1 0  c o 1 u m n , r  0  is o 1 ii t  i o n g f  
500  mg o f  f a t  f ro m  OCRs and RGBs was a c h i e v e d .  However ,  
t  h 0  1 a 11 e r  is e p a r  a t  i g n r  0  q u i r  0  cl l a  r  g 0  v g 11.1 m e s ( >400 m 1 ) o f  
mob i 1 e phase due t  o 1 ong r  e 1 0 n t  i on t  i me s ■ I  nc:r 0 aisi ng t h e  
d :i. c: h 1 a r  o met li a n e c: g n t  e n t  o f  t  h 0  m 0  b i 1 e p h a s 0  r  0  d ii c 0  cl 
e 1 u t  i c:j n t  i m 0  s □ f  b g t  h o r  g a n o c h 1 o r  :i. n e s a n d 1 :i. p :i. d is a n d 
l i0 n c 0  dec:r eased t h e  s 0 1 ven t  cgnsiimp t  i gn ,, b u t  t l i  i s wais a t
t  h e 0  x p e n s 0  g f  1 :i. p i d c: a p a c: i t  y . I... :i. p i c:l w a s m g r  e e f  f  e c: t  :i. v 0 1 y 
r  e m o v e d b y b a c k -  f  1 i..i is h i n g w i t  h 1007. d i c: li 1 a r  0  m 0 1 h a n 0 ,
R e p e a 1 0  d i n j  0  c: t  i  o n s w i t  h 0  r  w i t  li o u t  b a c: k  f 1 u s li i n g cl i ci n 0 1
ap p e a r  t a  b0  d 0 1 r  i. m0 n t a  1 t o  thie co 1 umn p0 r  f  or  mance. 
Rec:o ver ies  app 0 a r  0 ci t.o b 0  v 0 r  y gogcl .
T li i s  i m i") r  0  is s i v 0  0  x a m p 1 0  o f  a n H R L C c l  0  a n -  u p a s ci 0  v i s 0  d b y 
G i 11 eisp i 0  an ci W a l t e r s  isuf f  e r  eci f  r  om t  li e ma j  o r ci r  a wb ac k 
t  h a t  1 i p i. ci w a s v 0  r  y s t  r  a n g 1 y r  0 1 a i n 0  cl b y t  hi 0  i r  n cd r  m a 1 
p li a s 0  s y s 1 0  m a n cl d e s p i 1 0  b 0  i n g a b 1 0  to  c ope w it  li
r  0  m a r  k a b 1 y 1 a r  g 0  a m o i..i n t  s 0  f  1 i p i ci, t  li e p r  i c 0  g f  li i g li
1 i p i. ci c a p a c i t y  w a s li i g li s a 1 v 0  n t  c g n is u m p t  i. g n o r  t  hi 0
i n c o n v 0  n i 0  n c 0  a f  b a c: k ~ f  1 u is li :i. ii g w i t  h a c li a n g 0  o f  s cd 1 v 0  n t
c g m p g is i t  i  is n . A m 0  a n s o f  a v cd i d i n g t  hi :i. is w cd l i  1 ci b 0  t  o 0 1 u 1 0  
t  li 0  1 i p i cl is b 0  f  cd r  0  t  li 0  cd r  g a n g c: li 1 cd r  1 n 0  is a n d p r  cd v i ci 0  d t  li 0  
t  cd t  a 1 0 11..1 t i c  n v o 1 u m 0  -f o r  t  h 0  m cd s t  r  0 1 a i. n 0  ci s g 1 li 1 0  w a is 
f  a i r  1 y l a w ,  is cd 1 v 0  n t  c: g m s 1..1 m p t  i cd n w cd la 1 d b 0  1 cd w a n cJ b a c k -
f l u s h i n g  c o u ld  b 0  a v o i d e d .  T h i s  goal  was a t t a i n e d  as  
d e s c r ib e d  l a t e r  (see  S e c t i o n  4» 2 „ ) .
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4 . 1 . 7 .  Con cen t  r  a t  i  on t e c  hn i g u e b "...
C o n c e n t r a t  i an of  r e s  1 clue ex t r a c t s  i s an a r e a  o f  ma j  □ r  
c: o n e e r  n . N e a r  1 y a 3.3. r  e s :i. d u e rn e t  h o d s r  e q u 1 r  e a 
c cd nee n t  r  a t  i o n s t  e p w h i c: h i n v o l v e  s e v a p □ r  a t  :i, o n o f  s cd 1 v e n t  
a n d t  h i s p r  e s e n t  s t  h e a n a 1 y s t  w i t1") t  w □ p r  a b 1 e m s . F i r  s 1 1 y , 
a r e  t  h e r  e any u n c i e s i r  a b 1 e r  e s i d u e s :i. n t  h e s (Dive n 1 
i t  s e l f  ? S e c o n d 3. y , h a w c: a n e v a p cd r  a t  i cd n cd f  1h e r  es i d u e s 
t  h e m s e 1 v e s b e p r e v e  n t  e cl ? T h e r  e q u i r  e d s cd 1 v e n i  p u r  i t  y 
d e p e n d <:> cd n t  h e a n a 1 y t  e s b e i n q d e t e  r  m i n e cl a n d s h cd u 1 cl i d cd t  
c o n t r i b u t e  s i  qni-f  :i. c a n t  3. y t o  t h e  c o n c e n t r a t i o n  o-f a n a l y t e  
i n  t h e  sample?. I t  a l s o  depends on t h e  d e g re e  of
c o n c e n t r a t i o n  and t h e  s e l e c t i v i t y  o f  t h e  method of
d e t e r m i n a t i o n .  O v e r a l l ,  t h e  s o l v e n t  s h o u ld  n o t  i n t e r f e r e  
w i t  h t  h e d e t  e r  m i n a t  i cd n o f t  h e a n a l y t e s .  F cd r  r  e s i d u e 
a n a 1 y s i s , t  h e cd 3. v e n t  s g e n e r  a l l y  h a v e t  o b e o f  v e r- y h i g h 
g r ac:l e i n v ie w  of  t h e  v e r  y 1 cdw c cdn c en t  r  a t  i on s o f  an a 3. y t  es  
and t h e  l a r g e  amount cd f: <■!>o l v e n t  evapcdrat i. on enc:ountered
in  many methods.  G r e a t  c a r e  must be t a k e n  t o  a v o id
c o n t  a m i n a t  i o n o f  t  h e s o 3. v e n t  w i t  h a n y p a t  e n t  :i. a 3,
i n t e r f e r e n c e s  i 103> and some fo rm  of  s o l v e n t  q u a l i t y
c o n t  r  o 1 i s d e s i r  a b 1 e .
T h e p r  cd b 1 e m o f  a n a l y t e  1 o s s b y v o 1 a t  i  1 i  s a t  i  o n i s
p a r t i c u l a r l y  a c u t e  in  r e s i d u e  a n a l y s i s .  The m a j o r i t y  o f
P CDs a n d 0 C P s a r  e n o t  v e r  y v o 1 a t  i 1 e b u t  t  h e s m a 3.1 e r  , 
1 o w e r  <:: h 1 o r  i n a t  e d s p e c i e s c a n b e 1 o s t , p a r  t  i  c u 1 a r  I y w I d e n
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t  In 0 1 e v e l  s e n c 0 l i  11t 0 r  0 cl a r  0 i n t  h 0 p a r  t  -• p 0 r  - 1") :i. 11 i 0 n r  a n g 0 
o r  1 d w 0 r  - R i n n 0 a n d (3 r  a In 'C :l. 0 4 '.)■ d 0 rn □ n s t  r  a t 0 d t  In a t  r  01 a r  y
0 v a |") 0 r  a t  :i. 0 n u n cl 0 r  v a c: l i  l i  rn w a s 1.111 r  e 1 :i. a b 1 0 f  0 r  t  r  a c: 0
a n a 1 y s i s n n 1. 0 s s a v a c: l i  u  rn c: 0 n t  r  0 1 1 0 r  w a s 1.1 s 0 d .
A more common moans o f  s o l v e n t  e v a p o r a t i o n  in  r e s i d u e
a n a 1 y s i s i s t  h 0 ix s o o f  t  h 0 K u d e r  n a D a n i s h a p p a r  a t  u s . T I") 0
0 v a p 0 r  a  t  i  0 n i  s m 0 r  0 g 0 n 1 1 0 t  h a n t  h a t  0 b t  a i n 0 cl w i  t  In r  0 1 a r  y
0 v a p 0 r  a t 0 r  s a n c:l t  In 0 S n y d 0 r  c 0 1 u m n p 0 r  m i t  s p a r  t  i a 1 r  0 f  1 u
w In i c In In 0 1 p s w a s h a n y r  0 s i ci u 0 s 0 n t  In 0 g 1 a s s w a l l  s cl 0 w n
1 n 1 0 t  h 0 r  e c e i v e  r  1 1.1 b 0 « T In 0 r  0 f  1 u y, a c t  i 0 n a 1 s 0 In 0 1 p s 1 0 
in reven  t  a n a  1 y 1 0 1 0 s s 0s Iny v a p 0 l i r  0n t  r  a i  nm0n t  „ 11 i s s t  i 11 
g 0 0 ci p r  a c t  i  c 0 , In 0 w 0 v 0 r  , 1 0 w a i;-:> In ci 0 w n t  In 0 w a 11 s 0 f  t  In 0 
e v a p o r a t o r . R e c o v e r i e s  a r e  g e n e r a l l y  b e t t e r  th a n  t h o s e  
0 b t  a i n 0 ci b y r  0 1 a r  y 0 v a p 0 r  a t  i. 0 n ■
S o l v e  n t  0 v a p 0 r  a t  i rn n u s i  n g t  hi 0 K li ci 0 r  n a ••■ D a n i s h a p p a r  a t  u s i. s
ci 1 0 w In a t  a m 0 r  0 s 0 r  i 0 u s d r  a w b a c k i s t  In 0 p 0 s s i b i. 1 i t  y 0 f  
s u cl ci 0 n , v i o 1 0 n t  0 r  li p t  i cd n s 0 f  t  hi 0 s 0 1 u t  i 0 n w In i c In c a n 
r  0 s ix I t  i n g r  0 ss 1 cdsses { 1 0 3  3-» Th i s :i. s p a r  t  i c: u 1 a r  1 y t  r  u0 
as tIne scd 1 v 0n t  vcd 1 um0 b 0c 0 m0s s m a l l  anci i t  may be w i s 0 r  
1 0 p 0 r  f  0 r  m t  In 0 f  i n a 1 s t  a g 0 s 0 f cd v  a p cd r  a t i 0 n t  cd a 10 w 
volume o v e r  a s t r e a m  of  c l e a n ,  d r y  a i r  or  n i t r o g e n .
Desp i 1 0 t h e  r  0 1 a t  i ve  gen 1 1 en ess o f 0vap or  a t  i on us i ng t  In0 
K u ci 0 r  n a -  D a n i s h c 0 n c: 0 n t  r  a 1 0 r  , (3 i 110 s p i 0 a n ci W a 11 0 r  s 1 10 2 > 
r  0 p cd r  1 0 cl s i g n i f  i c a n t  1 cd s  s 0 s o f  0 r  g a n 0 <:: In 1 cd r  i n 0 s u s i in g t  In i s 
0 q li i p m 0 n t . T In 0 y a 1 s cd f  0 u n ci t  In a t  a ci ci i. t  i  cd n 0 f a 1 i p 0 p In i 1 i c 
s u ta s t  a n c 0 (pa  r  a f  f  i n 0 i 1 ) a s a " k 0 0 p 0 r  s 01 ix t  i cd n " was 0 f
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l i t t l e  b e n e f i t .
A g en e r  a 1 r  u 1 e i n t  r  ace ana 1 ys i s i s t  h a t  e 1 ean e x t  r  ac t  s 
s h a la 1 ci n a1 be e v a p o r  a t  e d t  a d r  yne s s s i n c e s i g n i f  i e a n t  
1osses  □ f  a n a 1y t e  ean o c c u r » Even e v a p o r a t i  on t o  a low  
v o 1ume < 0 .5  m1 or  1e s s ) can g i v e  r i  se t o  1 a r g e ,
i r  r  ep r  □ cil.ic i b 1 e 1 esses  1 103 > . Th i s i s par  t  :i. cu 1 a r  1 y t  r  lie 
f  o r  t  h e m o r  e v o 1 a t  i 1 e r  e s i d la e s s la c h a s H C B a n d H C H 
i somer s . However , 1 ess v o l a b i l e  m a t e r i a l  s suc Id as PCB<;>
seem t cd be a b l e  t a  t a l e r a t e  g e n t i e  e v a p cdr a t  i on t cd
d r  y n e s s a s w a i:;> d e m cd n s t  r  a te  c:l i ri S e c:: t  i cd n ':!■ . 2 . 1 . .
An cdt  h e r  c:: ommcdn , an d v e r  y gen 1 1 e s o lv e n  t  e vap cdr  a t  i cdn
t e c h n i q u e  i s  t h a t  of  e v a p o r a t i o n  ove r  a s t r e a m  of  gas.
T h :i. s c a n b v e r  y t  i m ra c cd n *:;> u m i i d g a n d s a i s g e n cd r  a 11 y o n 1 y 
i.i s e  ci f  cd r  t  I d e r  e m cd v  a 1 cd f  <-r> m a 11 a m cd u  id  t  <5 o f  s cd 1 v e n  t , b la t  i t  «•» 
main a d v a n t a g e  i s  i t s  g e n t l e n e s s .  R e s id u e s  may, how ever ,  
be l e f t  cdn t h e  v e s s e l  w a l l s  and so t h e  v e s s e l  s h o u ld  be 
r i n s e d  dawn.
4. 2 .  E x |;i^.rim cDntal .J.nvestJ.jj__a^on  o f  Sample^
T h e c 1 e a n -■ la p m e t  h cd d o 1 o g y t  cd b e la b e d in  t h e  a n a 1 y t  i c a 1 
p r  cd c e ci la r e  w a s , cd f  n e c e s s i t  y , ci e v e 1 o p e d s i m la 11 a n e cd la s 1 y 
w i t  I d t  h e e y, t  r  a c t  i cd n a n ci c:| i.a a n t  i  t  a t  i cd n p r  cd c e ci la r  e <b „ H cd w e v e r  , 
v e r y  e a r l y  on i t  became a p p a r e n t  t h a t  t h e  c r u d e  e x t r a c t
w cd la 1 ci e cd n t  a i n i n t  e r  f  e r  i n g m a t  e r  i a 1 s o f  w h i c I d t  h e m o s t
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abu ndant  wau 1 d be 1 i p i  d s . 11 was a p p r e c i  a t e d  t h a t  t h e  f  a t
c o n t e n t  o f  t h e  m i l k  would have t o  be d e t e r m in e d  and so 
t h e  r e c o v e r y  o f  t h e  l i p i d s  would be a d e s i r a b l e  p r o p e r t y  
of  t h e  c l e a n - u p  p r o c e d u r e ,  b u t  a l s o  sp e e d ,  e f f i c i e n c y ,  
r o b u s t n e s s  and low r u n n i n g  c o s t s  would have t o  be 
i  r icorp o r  a t  e d . T h e o n l y  m e t  h o d s w h i c h f  u 1 f  i 11 e d t  h e s e 
c r i t e r i a  t o  any d e g re e  were  a d s o r p t i o n  c h ro m a to g ra p h y  and 
g e l  p e r m e a t i o n  c h r o m a t o g r a p h y . A d s o r p t io n  c h r o m a t o g r a p h y , 
d e s p i t e  b e in g  w e l l  e s t a b 1 i s h e d , was r e j e c t e d  on t h e  
grounds  o f  h a v in g  h i g h  r u n n i n g  c o s t s  and t h e  d i f f i c u l t y  
i n r e c o v e r  i ng t h e  l i p i d .  Th i s  1e f t  g e l  p e rm e a t  i  on 
c h r  oma t  og r  ap h y . Conven t  i on a 1 GPC In as b ec ome qu i t  e p op u 1 a r  
f o r  t h i s  k in d  of  c l e a n - u p  b u t  has t h e  two m a jo r  d raw backs  
of  h ig h  i n i t i a l  c o s t  s an d h ig h  s o l v e n  t  con sump t  i o n . 11
was q u i c k l y  r  e a 1 i sed t h a t  t h e  l a t t e r  d i sad van t  ag e c o u 1d 
be a m e l i o r a t e d  by t h e  use o f  modern h ig h  p e r f o r m a n c e  
p o l y m e r i c  columns used i n  a GPC mode and i n  v ie w  o f  t h i s ,  
a l l  i n v e s t i g a t i o n s  i n t o  c l e a n - u p  m eth o d o lo g y  were  
d i  r e c t e d  to w a rd s  d e v e l o p i n g  a h i  gh p e r f o r m a n c e  GPG ( HP-  
GPC) t y p e  p r o c e d u r e .
4 .  2_.J. . HP-GPC -  i n i t i a l  a n a l y t i c a l  s c a l e  i n v e s t i g a t i  o n s .
I n i t i a l  i n v e s t i g a t i o n s  i n t o  t h e  use o f  HP-GPC c e n t r e d  
around t h e  use o f  a H a m i l t o n  P R P - 1 , 150 x 4 . 1  mm column
w i t h  10 jam p a r t i c l e s  o f  t h e  s t y r e n e / d i v i n y l b e n z e n e  c o ­
p o ly m e r .  Knowing t h a t  t h e  sample  would be i n  a l i p o p h i l i c  
s o l v e n t  such as a h y d ro c a rb o n  a f t e r  e x t r a c t i o n ,
155
n - h e p t a n e  was chosen as  a s t a r t i n g  p o i n t  -for t h e  
s e l e c t i o n  o f  a m o b i l e  p hase .  H e p ta n e  was chosen i n  
p r e f e r e n c e  t o  hexane  on a c c o u n t  o f  i t s  lo w e r  v o l a t i l i t y .
E x p e r im e n t  1.
The f o l l o w i n g  c h r o m a t o g r a p h ic  c o n d i t i o n s  w ere  employed:
A l l  s o l v e n t s  w ere  o f  HPLC g r a d e .
H a m i l t o n  PRP-1 150 x 4 . 1  mm. 10 
jum p a r t i c l e s .
100*/. h e p t a n e .
A p p r o x i m a t e l y  1 . 0  ml m in- 1  
R e f r a c t i v e  in d e x  a t  10” 4 R I  u n i t s  
f  sd .
20  jul 
40*=^
DuPont 830  p r e p a r a t i v e  HPLC u n i t .
The f o l l o w i n g  s o l u t e s  w ere  i n v e s t i g a t e d  ( a l l  s o l u t i o n s  i n  
n - h e p t a n e ) :
W i t e p s o l  H15~ Ap prox .  0 .57.  m/v
C h o l e s t e r o l  Approx .  0 . 5 7  m/v
4 , 4 ' - d i b r o m o b i p h e n y l  S a t u r a t e d .
A r o c l o r  1242 Approx .  0 . 5 7  m/v
A r o c l o r  1260 Approx .  0 . 5 7  m/v
Co lum n:
M o b i l e  phase :  
F lo w  r a t e :  
D e t e c t i o n :
I n j e c t o n  v o l . :  
Column t e m p . :  
I n s t r u m e n t :
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A c e to n e  Approx .  5% v / v
■“W i t e p s o l  H15 i s  m i x t u r e  o f  C12 t o  C 1g s a t u r a t e d
t r i g l y c e r i d e s  used as a s u p p o s i t o r y  bas e .
W i t e p s o l  and c h o l e s t e r o l  Mere chosen as t y p i c a l  l i p i d  
m a t e r i a l s  and 4 , 4 ' - d i b r o m o b i p h e n y l  was chosen as a m a rk e r  
compound. The A r o c l o r s  were  used as t y p i c a l  
o r g a n o c h l o r i n e  m i x t u r e s  and a c e t o n e  was examined s i n c e  a t  
t h i s  s t a g e  i t  was t h o u g h t  t h a t  a c e t o n e  may be
i n c o r p o r a t e d  i n  t h e  e x t r a c t i n g  s o l v e n t .
For  t h e s e  s o l u t e s ,  und er  t h e  above c o n d i t i o n s ,  t h e
f o l l o w i n g  r e s u l t s  w ere  o b t a i n e d :
Sol u t e  t  r- (m ins )  Comments
U n r e t a i n e d  -  e l u t e d  i n  
v o i d  vo lum e.
Some r e t e n t i o n .
Most r e t a i n e d  s o l u t e ,  k '®  
a p p r o x .  1
Broad w i t h  t a i l i n g  
s h o u l d e r .
Broad w i t h  marked t a i l i n g  
s h o u l d e r .
Some r e t e n t i o n .  N e g a t i v e  
RI p ea k .
W i t e p s o l  H15 1 . 7
C h o l e s t e r o l  2 . 6
4 , 4 ' - d i B r b i p h .  3 . 4
A r o c l o r  1242 2 . 8
A r o c l o r  1260 2 . 5
A c e to n e  2 . 7
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The r e t e n t i o n  mechanisms i n v o l v e d  were p r o b a b l y  a m i x t u r e  
o f  g e l  p e r m e a t i o n  and a d s o r p t i o n .  A l l  t h e  s o l u t e s  a r e  
l i p o p h i l i c  and would  be a t t r a c t e d  by b o th  t h e  m o b i le  and 
t h e  s t a t i o n a r y  p h a s e s .  The s t a t i o n a r y  phase would  
p r o b a b l y  be a b l e  t o  r e t a i n  a l i c y c l i c  and a r o m a t ic  
m a t e r i a l s  more e f f e c t i v e l y  th a n  a l i p h a t i c  compounds and 
t h i s ,  t o g e t h e r  w i t h  t h e  l a r g e  s i z e  o-f t h e  t r i g l y c e r i d e  
m o l e c u l e s  i n  t h e  W i t e p s o l  and t h e  h ig h  a - f - f i n i t y  f o r  t h e  
m o b i le  p h a s e ,  p r o b a b l y  a c c o u n t s  f o r  t h e  a lm o s t  t o t a l  
abs ence  o f  r e t e n t i o n  f o r  t h e  W i t e p s o l .
C h o l e s t e r o l  i s  a s m a l l e r  m o l e c u l e  th a n  t h e  W i t e p s o l  
t r i g l y c e r i d e s ,  i s  p o l y c y c l i c  and p o s sesses  p o l a r  g roups  
<a h y d r o x y l  f u n c t i o n  and a d o u b le  b o n d ) .  Hence  
c h o l e s t e r o l  w ould  n o t  be e x p e c t e d  t o  be t o t a l l y  e x c lu d e d  
f ro m  t h e  c h a n n e l s  i n  t h e  s t a t i o n a r y  phase and would  
p r o b a b l y  have  more a d s o r p t i v e  a f f i n i t y  f o r  t h e  s t a t i o n a r y  
phase compared t o  W i t e p s o l .  These f a c t o r s  would be  
e x p e c t e d  t o  g i v e  r i s e  t o  some r e t e n t i o n  and t h i s  a p p e a r s  
t o  be t h e  c a s e .
The 4 , 4 ' - d i b r o m o b i p h e n y l  and t h e  PCBs a r e  a l l  much 
s m a l l e r  m o l e c u l e s  and so would  pass f r e e l y  i n t o  t h e  
s t a t i o n a r y  phase  c h a n n e l s .  They a r e  a l s o  a r o m a t i c  and 
t h e s e  two f a c t o r s  would  e x p l a i n  t h e  r e t e n t i o n  o f  t h e s e  
m a t e r i a l s .  I t  w i l l  be  n o te d  t h a t  t h e  h i g h e r  c h l o r i n a t e d  
A r o c l o r  1260 i s  s l i g h t l y  l e s s  r e t a i n e d  th a n  t h e  lo w e r  
c h l o r i n a t e d  A r o c l o r  1242 w i t h  t h e  4 , 4 ' - d i b r o m o b i p h e n y l
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b e i n g  t h e  most s t r o n g l y  r e t a i n e d  o-f t h e  h a l o g e n a t e d  
b i p h e n y l s .  T h i s  may be e x p l a i n e d  by an i n c r e a s i n g  
a f f i n i t y  -for t h e  m o b i le  phase w i t h  i n c r e a s i n g  
h a l o g e n a t i o n  and a d e c r e a s e  i n  t h e  c o - p l a n a r i t y  o f  t h e  
b i p h e n y l  n u c le u s  w i t h  i n c r e a s i n g  o r t h o  s u b s t i t u t i o n  which  
may l e a d  t o  a l e s s  f a v o u r a b l e  c o n f o r m a t i o n  f o r  a d s o r p t i v e  
r e t e n t i o n  by t h e  s t a t i o n a r y  phase .
A c e to n e  t o o  was r e t a i n e d  t o  some degre© by v i r t u e  o f  i t s  
s m a l l  m o l e c u l a r  s i z e  and i t s  u n s a t u r a t i o n .
Peak shapes  w ere  g e n e r a l l y  q u i t e  b road  b u t  f a i r l y  
G a u s s ia n  w i t h  some t a i l i n g  i n  e v i d e n c e .  The W i t e p s o l  peak  
was v e r y  s h a r p ,  h o w e v e r ,  s i n c e  i t  was u n r e t a i n e d  and so 
d i d  n o t  s u f f e r  b a n d - b r o a d e n i n g  e f f e c t s  due t o  mass 
t r a n s f e r  and n o n - e q u i l i b r i u m .  T h i s  i s  a v e r y  u s e f u l  
a d v a n t a g e  s i n c e  i n  e f f e c t ,  t h e  t r i g l y c e r i d e s  n e v e r  "see"  
t h e  s t a t i o n a r y  phase and so c a p a c i t y  i s  l i m i t e d  o n l y  by
m o b i le  phase  s o l u b i l i t y  and t h e  band b r o a d e n i n g  due t o
eddy and l o n g i t u d i n a l  d i f f u s i o n .  Both t h e s e  d i f f u s i o n  
e f f e c t s  a r e  p r o b a b l y  s m a l l  f o r  t r i g l y c e r i d e s .  Thus ,  l i p i d  
c a p a c i t y  i s  h i g h  and e n c ro ach m en t  o f  t h e  l i p i d  band on 
t h e  r e t a i n e d  s o l u t e s  i s  m i n im i s e d .
Of c o u r s e ,  a l l  t h e  s o l u t e s  d i s p l a y e d  v e r y  low c a p a c i t y
f a c t o r s  compared t o  more u s u a l  HPLC modes and t h i s  was 
e x p e c t e d  i n  v i e w  o f  t h e  n a t u r e  o f  t h e  s o l u t e s  and t h e  
m o b i l e  pha se .  A l l  t h e  s o l u t e s ,  a p a r t  f ro m  t h e
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t r i g l y c e r i d e s ,  e l u t e d  i n  q u i t e  b ro ad  bands due t o  
c l a s s i c a l  band b r o a d e n i n g  mechanisms,  i n c l u d i n g  mass 
t r a n s f e r  e f f e c t s ,  o p e r a t i n g  on t h e  r e t a i n e d  m a t e r i a l s .  
P o l y m e r i c  co lum ns a r e  p a r t i c u l a r l y  p r o n e  t o  band 
b r o a d e n i n g  due t o  s lo w  mass t r a n s f e r  k i n e t i c s .  The  
A r o c l o r  p e a k s  w ere  f u r t h e r  b roadened  ( b o t h  A r o c l o r  peaks  
had t a i l i n g  s h o u l d e r s )  by v i r t u e  o f  t h e  f a c t  t h a t  t h e y
a r e  m i x t u r e s  and each component has s l i g h t l y  d i f f e r e n t
r e t e n t i o n  p r o p e r t i e s .
The sys tem  was m a i n t a i n e d  a t  4 0 c>C t o  r e d u c e  t h e  v i s c o s i t y  
o f  t h e  l i p i d  s o l u t i o n s ,  t o  i n c r e a s e  s o l u b i l i t y  and t o  
m a i n t a i n  a c c e p t a b l e  peak shape .
O v e r a l l ,  t h e  r e s u l t s  f o r  t h i s  e x p e r i m e n t  w ere  v e r y  
e n c o u r a g i n g  s i n c e  s e p a r a t i o n  o f  t h e  o r g a n o h a l o g e n s  f ro m  
; the  t r i g l y c e r i d e s  ( b u t  n o t  t h e  c h o l e s t e r o l )  was a c h ie v e d  
i n  a s h o r t  t i m e  and w i t h  a low e l u t i o n  v o lu m e .
E x p e r im e n t  2 .
The a im  o f  t h i s  e x p e r i m e n t  was t o  d e c r e a s e  t h e  r e t e n t i o n  
of  t h e  c h o l e s t e r o l  i n  o r d e r  t o  s e p a r a t e  i t  f ro m  t h e
o r g a n o h a l o g e n s ,  b u t  a t  t h e  same t i m e ,  a v o i d  d e c r e a s i n g
t h e  r e t e n t i o n  o f  t h e  o r g a n o h a lo g e n s  and m a i n t a i n  h ig h  
l i p i d  c a p a c i t y .  In  an a t t e m p t  t o  a c h i e v e  t h i s ,  20"/. 
t e t r a h y d r o f u r a n  (THF) was added t o  t h e  h e p t a n e  as  a 
m o d i f i e r .  I t  was e x p e c t e d  t h a t  t h i s  c y c l i c ,  s l i g h t l y
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p o l a r  m o l e c u l e  would  d e c r e a s e  t h e  r e t e n t i o n  o-f a l l
s o l u t e s ,  b u t  i t  was hoped t h a t  t h e  g r e a t e r  p o r o s i t y  o-f 
t h e  p o ly m e r  g e l  t o  t h e  h a l o g e n a t e d  b i p h e n y l s  would  
m a i n t a i n  some r e t e n t i o n  -for t h e s e  m a t e r i a l s  w h i l e  t h e  
much l a r g e r  and p a r t i a l l y  e x c lu d e d  c h o l e s t e r o l  would be  
more s u s c e p t i b l e  t o  t h e  g r e a t e r  s o l v a t i n g  power o-f t h e
m o b i l e  phase  and would  e x h i b i t  a r e l a t i v e l y  marked l o s s  
o-f r e t e n t i o n .  As w i l l  be s e e n ,  t h e s e  h y p o th e s e s  ap p ear  t o  
b e ,  a t  l e a s t  i n  p a r t ,  s u c c e s s f u l .
The c h r o m a t o g r a p h i c  c o n d i t i o n s  were as f o r  e x p e r im e n t  i  
e x c e p t :
M o b i l e  Phase:  20:80"/. v / v  THF: n - h e p t a n e
F low  r a t e :  Approx .  0 . 8  ml m in-1
S o l u t e s  w ere  as f o r  e x p e r i m e n t  1 e x c e p t  t h a t  t h e  5%
a c e t o n e  was o m i t t e d  and 100% n - h e p t a n e  was i n j e c t e d  i n  
i t s  p l a c e .  W i t e p s o l ,  c h o l e s t e r o l  and 4 , 4 ' - d i b r o m o b i p h e n y l  
w ere  i n j e c t e d  i n  b o th  h e p t a n e  and m o b i le  phase s o l u t i o n s  
t o  s e e  i f  t h e  s o l v e n t  had any s i g n i f i c a n t  e f f e c t  on 
r e t e n t i o n .  The A r o c l o r s  w ere  i n j e c t e d  o n l y  i n  h e p ta n e  
s o l u t i  o n .
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R e s u l t s
S o l u t e tr- (mi ns)
W i t e p s o l  H IS 1 . 5
C h o i e s t e r o l 1 . 7
4 , 4 ' ~ d i  Brtai ph 2 . 3
A r o c l o r  1242 2.0
A r o c l o r  1260 1 . 9
n - H e p t a n e 1 . 7
R e t e n t i o n  t im e s  were found  t o  be u n a f f e c t e d  by w h e th e r  
t h e  i n j e c t i o n  s o l v e n t  was h e p ta n e  or  m o b i le  pha se .  As can  
be s e e n ,  t h e  c h o l e s t e r o l  was v i r t u a l l y  u n r e t a i n e d  w hereas  
t h e  o r g a n o h a lo g e n s  m a i n t a i n e d  a t  l e a s t  some r e t e n t i o n .  
I n t e r e s t i n g l y ,  t h e  W i t e p s o l  ap p e a re d  t o  be l e s s  r e t a i n e d  
th a n  when 100/C h e p t a n e  was used as t h e  m o b i le  p hase .  The  
most l i k e l y  e x p l a n a t i o n  f o r  t h i s  i s  t h a t  t h e  f l o w  r a t e  
was i n a c c u r a t e l y  c o n t r o l l e d  b u t  i t  may be t h a t  t h e  
s t a t i o n a r y  phase c h a n n e l s  c o n t r a c t e d  under  t h e  i n f l u e n c e  
o f  t h e  new m o b i le  phase and red u c e d  what  l i t t l e  
p e r m e a b i l i t y  t h e r e  was a v a i l a b l e  t o  t h e  t r i g l y c e r i d e s  
w i t h  h e p ta n e  as t h e  m o b i l e  phases t h i s  c o u ld  a l s o  r e d u c e  
t h e  r e t e n t i o n  o f  t h e  c h o l e s t e r o l .  However ,  t h i s  mechanism  
i s  m e r e l y  c o n j e c t u r e .  Peaks  were a l l  much s h a r p e r  t h a n  
w i t h  t h e  100/C m o b i le  ph a s e .
So ,  t h e  a d d i t i o n  o f  a s l i g h t l y  p o l a r  m o d i f i e r  was fo u n d
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t o  p r o v i d e  s u p e r i o r  s e p a r a t i o n  o-f t h e  p r g a n o h a lo g e n s  f ro m  
t h e  l i p i d s .  The main draw back  was t h e  v e r y  low  e l u t i o n  
volum e which would make t h e  t i m i n g  o f  f r a c t i o n  c o l l e c t i o n  
c r i t i c a l  and p r o b a b l y  t o o  e x a c t i n g  f o r  r o u t i n e  u se .
E x p e r im e n t  3 .
The p u rp o s e  o f  t h i s  e x p e r i m e n t  was t o  see  i f  A r o c l o r s  
c o u ld  be s e p a r a t e d  f ro m  t h e  l i p i d s  i n  an 
A r o c l o r + c h o l e s t e r o l + t r i g l y c e r i d e  m i x t u r e  u s in g  t h e  system  
d e v e lo p e d  i n  e x p e r i m e n t  2 ,  and t o  c o l l e c t  t h e  PCD 
f r a c t i o n  f o r  s u b s e q u e n t  e x a m i n a t i o n  by c a p i l l a r y  G C -F ID .
The c h r o m a t o g r a p h ic  c o n d i t i o n s  were  as f o r  e x p e r im e n t  2 
e x c e p t  t h a t  t h e  s e p a r a t i o n  was c a r r i e d  o u t  a t  am b ie n t  
t e m p e r a t u r e  i n  an a t t e m p t  t o  i n c r e a s e  r e t e n t i o n .
The s o l u t i o n a u s e d  w ere :
i )  A p prox .  0 .16%  m/v  A r o c l o r  1242 + a p p ro x .  0.16' / .  m/v
c h o l e s t e r o l  + a p p r o x .  0 .1 6 %  m/v W i t e p s o l  H IS  i n
14:86% v / v  T H F : n - h e p t a n e .
i i )  A p prox .  0 .16%  m /v  A r o c l o r  1260 + a p p r o x .  0 .16%  m/v
c h o l e s t e r o l  + a p p r o x .  0 .16%  m/v  W i t e p s o l  H IS  i n
14:86% v / v  T H F : n - h e p t a n e .
i i i )  Approx .  0 .25%  m /v  c h o l e s t e r o l  + a p p ro x .  0 .25%  m/v
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W i t e p s o l  H15 i n  20 :80%  v / v  T H F s n -h e p ta n e .
W i th  an i n j e c t i o n  vo lume o f  20  p i ,  t h e  mass o f  A r b c l o r  
i n j e c t e d  f o r  s o l u t i o n s  <i> and ( i i >  was a p p r o x i m a t e l y  
32  pg .
D u p l i c a t e  i n j e c t i o n s  were made f o r  each s o l u t i o n  and t h e  
RGB f r a c t i o n  was c o l l e c t e d  as shown i n  F i g u r e  20 and 
a d j u s t e d  t o  i  m l .  The "RGB f r a c t i o n s "  f o r  t h e  s o l u t i o n  o f  
c h o l e s t e r o l  + t r i g l y c e r i d e s  were  used as b l a n k s .  The PCBs 
and b l a n k s  w ere  exam ined by c a p i l l a r y  GC und er  t h e  
f o l l o w i n g  c o n d i t i o n s :
25 m 0 . 3 5  mm i d  CP Si  1 5  
H e l iu m  a t  8 p s i  
SS^C f o r  1 m in u te  
S^C m in” 1 t o  2 0 0 ° C . H o ld .
S p l i t  a p p r o x i m a t e l y  1 : 5  
P e r k i n - E l m e r  Sigma 3 GC.
S t a n d a r d  s o l u t i o n s  o f  A r o c l o r  1242 (144  pg  m l - 1 ) and
A r o c l o r  1260 ( 1 7 0  pg m l~ l ) w ere  made up i n  n - h e p t a n e .
Column:  
C a r r i e r  gas:  
Oven p r o g . :
I n j e c t i  o n : 
I n s t r u m e n t :
The i n j e c t i o n  vo lum e f o r  t h e  sam ples  was 5 p i  and f o r  t h e  
s t a n d a r d s  was 1 p i .
The c a p i l l a r y  GC chrom atogram s f o r  t h e  f r a c t i o n s  
c o l l e c t e d  i n  F i g u r e  20  a r e  shown i n  F i g u r e  2 1 .  As can be  
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i n t e r f e r e n c e , and t h e  A r o c l o r  p a t t e r n s  -for b o th  t h e  
A r o c l o r  1242 and 1260 f r a c t i o n s  a r e  e s s e n t i a l l y  i d e n t i c a l  
t o  t h o s e  g i v e n  by t h e  r e s p e c t i v e  s t a n d a r d s .
So ,  i t  was c l e a r  t h a t  HP-GPC was e f f e c t i v e  and d i d  n o t  
g i v e  r i s e  t o  any  c o n s p ic u o u s  l o s s e s  o f  PCB c o n g e n e r s .
I t  was fo u n d  t h a t  r e d u c i n g  t h e  t e m p e r a t u r e  o f  t h e  HPLC 
column t o  a m b ie n t  d i d  n o t  i n c r e a s e  r e t e n t i o n  
s i g n i f i c a n t l y  and i t  was c o n s i d e r e d  t h a t  a h i g h e r  l i p i d  
c o n t e n t  would  p ro d u c e  a l i p i d  band t h a t  would  o v e r l a p  
w i t h  t h e  o r g a n o h a lo g e n  f r a c t i o n .  C o n s e q u e n t ly ,  a t t e m p t s  
w ere  made t o  i n c r e a s e  t h e  s e p a r a t i o n  betw een t h e  l i p i d s  
and o r g a n o h a l o g e n s .  D e c r e a s i n g  t h e  THF c o n t e n t  o f  t h e  
m o b i le  phase  t o  157. p rodu ced  no s i g n i f i c a n t  improvement  
w i t h  t h e  o n l y  n o t a b l e  e f f e c t  b e in g  a s l i g h t  i n c r e a s e  i n  
t h e  r e t e n t i o n  o f  t h e  c h o l e s t e r o l .  As a r e s u l t ,  a 
d i f f e r e n t  m o d i f i e r  f o r  t h e  h e p ta n e  was s o u g h t .
E x p e r im e n t  4 .
P r o p a n - 2 - o l  was chosen as  t h e  new m o d i f i e r  s i n c e  i t  was 
hoped t h a t  c h o l e s t e r o l  would  have a h ig h  a f f i n i t y  f o r  t h e  
a l c o h o l ,  b u t  t h e  PCBs would  be l e s s  s o l u b l e  i n  a p r o p a n -  
2 - - o l / h e p t a n e  m o b i l e  phase th a n  i n  t h e  T H F /h e p t a n e  phase,  
□n t h e s e  g r o u n d s ,  i n c r e a s e d  r e t e n t i o n  o f  t h e  A r o c l o r s  was 
e x p e c t e d  w h i l e  t h e  c h o l e s t e r o l  was e x p e c t e d  t o  e l u t e  v e r y  
e a r l y  and t h i s  was in d e e d  fo u n d  t o  be t h e  c a s e .
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The c h r o m a t o g r a p h ic  c o n d i t i o n s  w ere  as  f o r  e x p e r im e n t  3 
e x c e p t :
M o b i l e  phases 15:857. v / v  p r o p a n - 2 - o l :  n - h e p t a n e
Flow  r a t e :  0 . 9  ml m in-”1
The s o l u t e s  w ere:
i> W i t e p s o l  H15 a p p r o x .  0 . 5 7  m/v i n  m o b i le  pha se ,
i i )  C h o l e s t e r o l  a p p ro x .  0 .57.  m/v i n  m o b i le  pha se ,
i 1 i  > A r o c l o r  1242 a p p r o x .  0 . 5 7  m/v  i n  n - h e p t a n e .  
iv>  A r o c l o r  1260 a p p ro x .  0 .57 .  m/v i n  n - h e p t a n e .
v)  W i t e p s o l  H15 approx 0 .257.  m/v  + c h o l e s t e r o l  a p p ro x .  
0 . 2 5 7  m /v  i n  m o b i le  phase .
v i ) A r o c l o r  1242 a p p ro x .  0 . 1 6 7  m/v  + c h o l e s t e r o l  a p p ro x .  
0 . 1 6 7  m /v  + W i t e p s o l  H15 a p p r o x .  0 .167 .  m/v i n  14:867. v / v  
THF: n - h e p t a n e .
v i i )  A r o c l o r  1260 a p p r o x .  0 .167 .  m/v  + c h o l e s t e r o l  a p p ro x .  
0 . 1 6 7  m/v  + W i t e p s o l  H15 a p p ro x .  0 .167.  m/v  i n  1 4 : 8 6 7  v / v  
THF: n - h e p t a n e .
v i i i )  1007. n - h e p t a n e .
20  p i  o f  each s o l u t i o n  was i n j e c t e d  and t h e  r e t e n t i o n  
t i m e s  w ere  r e c o r d e d .  For  s o l u t i o n s  < v ) , ( v i )  and ( v i i ) ,  
i n j e c t o n s  w ere  made i n  d u p l i c a t e  and t h e  RGB f r a c t i o n s  
f ro m  each w ere  c o l l e c t e d  and a d j u s t e d  t o  a b o u t  1 ml f o r  
s u b s e q u e n t  e x a m i n a t i o n  by c a p i l l a r y  GC. The "PCB 
f r a c t i o n "  f o r  s o l u t i o n  (v )  was used as a b l a n k .
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R e s u l t s
S o l u t e tr- (mins)
W i t e p s o l  H15 1 . 7
C h o l e s t e r o l 1 . 8
A r o c l o r  1242 3 . 4
A r o c l o r  1260 2 . 9
n - H e p t a n e 1 . 7
T y p i c a l  ch ro m ato g ram s  -for s o l u t i o n s  ( v i  ) and ( v i i )  w i t h  
t h e  - f r a c t i o n  c o l l e c t i o n  t i m e s  can be seen i n  F i g u r e  2 2 .
As can be seen -from t h e  r e t e n t i o n  t i m e s ,  W i t e p s o l  and 
c h o l e s t e r o l  w ere  b o th  v i r t u a l l y  u n r e t a i n e d  as e x p e c t e d ,  
b u t  t h e  PCBs w ere  v e r y  w e l l  removed f ro m  t h e  l i p i d s .  PCB 
p ea ks  w ere  q u i t e  b ro a d  (a b o u t  1 . 5  m l ) .  As b e f o r e ,  t h e  
h i g h e r  c h l o r i n a t e d  A r o c l o r  1260 was s l i g h t l y  l e s s  
r e t a i n e d  t h a n  t h e  A r o c l o r  1242 .  The PCB f r a c t i o n s  were  
exam ined by c a p i l l a r y  GC und er  t h e  same c o n d i t i o n s  as  
d e s c r i b e d  und er  e x p e r i m e n t  3 .  The GC chrom atogram s f ro m  
t h e  f r a c t i o n s  shown i n  F i g u r e  22 a r e  shown i n  F i g u r e  23  
t o g e t h e r  w i t h  a b l a n k  and s t a n d a r d  A r o c l o r  s o l u t i o n s .  As 
can be s e e n ,  t h e r e  i s  no d i s c e r n i b l e  d i s t o r t i o n  o f  t h e  
PCB p a t t e r n  and t h e  b l a n k  was v e r y  c l e a n .
Thus ,  a u s e f u l  HPLC sys te m  was d e v is e d  w hereby  t h e  PCBs 
w ere  c o m p l e t e l y  s e p a r a t e d  f ro m  l i p i d s  and t h e  PCB 
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u n r e t a i n e d  t h u s  m a i n t a i n i n g  a h ig h  l i p i d  c a p a c i t y  b u t  a 
n a r r o w  c h r o m a t o g r a p h i c  band w i d t h .  The n e x t  s t e p  was t o  
s c a l e  t h e  s e p a r a t i o n  up t o  a method s u i t a b l e  -for t h e  
c l e a n - u p  o-f l a r g e r  s am p les  and a l s o  t o  a s s e s s  t h e  
ru g g e d n e s s  o-f t h e  s y s te m .
4 . 2 . 2 .  S e m i - p r e p a r a t i v e  HP-GPC c l e a n - u p .
E x p e r im e n t  5 .
The column chosen f o r  t h e  l a r g e r  s c a l e  work was a Po lym er  
L a b o r a t o r i e s  PLRP-S 3 0 0  x 7 . 5  mm column w i t h  10 pm 
p a r t i c l e s  and 100 nm p o r e s .  T h i s  i s  a s e m i - p r e p a r a t i v e  
column and l i k e  t h e  H a m i l t o n  PRP-1 p h a s e ,  i s  a 
s t y r e n e / d i v i n y l b e n z e n e  c o - p o l y m e r .
The f o l l o w i n g  c h r o m a t o g r a p h i c  c o n d i t i o n s  w ere  employed:
Column:
M o b i l e  pha se :
F la w  r a t e :  
D e t e c t i o n :
Column t e m p . :
P o ly m e r  L a b o r a t o r i e s  PLRP-S 3 00  x 7 . 5  mm 
column w i t h  10 pm p a r t i c l e s  and 100 nm 
p o r e s .
15:85"/. v / v  and 20:807.  v / v  p r o p a n - 2 - o l :  n -  
h e p t a n e .
2 t o  4 ml m i n " 1 .
R e f r a c t i v e  in d e x  a t  5 x 10“ *  t o  2 x lO*"® 
RI  u n i t s  f s d .  Ambient  t e m p e r a t u r e .
3 5 - C .
I n j e c t i o n  v o l . :  0 . 5  t o  2 ml
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In s t ru m e n ts  DuPont 830  p r e p a r a t i v e  HPLC u n i t .
The f l o w  r a t e  i s  g i v e n  above as a r a n g e  f ro m  2 t o  4 ml 
m in- 1 . The r e a s o n  f o r  t h i s  i s  t h a t  t h e  pump used was a 
c o n s t a n t  p r e s s u r e  sys te m  and t h e  i n j e c t i o n  o f  l a r g e  
amounts  o f  l i p i d  (up t o  3 00  mg) caused m arked ,  b u t  
t r a n s i e n t ,  d r o p s  i n  f l o w  r a t e .  I n i t i a l  f l o w  r a t e s  were  
k e p t  a t  a b o u t  4 ml m in - i  b u t  t h i s  d ropped t o  a b o u t  2 ml 
m in- 1  on i n j e c t i o n  o f  l a r g e  amount o f  v i s c o u s  l i p i d  
s o l u t i o n .  H e a t i n g  t h e  sys tem  t o  3 5 “ C h e lp e d  t o  a l l e v i a t e  
t h i s  e f f e c t  and a l s o  m a i n t a i n e d  a c c e p t a b l e  peak shapes .
Two d i f f e r e n t  m o b i l e  phase  c o m p o s i t i o n s  were i n v e s t i g a t e d  
i n  o r d e r  t o  a s s e s s  t h e  s e n s i t i v i t y  o f  t h e  system  t o  
p r o p a n - 2 - o l  c o n t e n t .
The r a n g e  o f  t h e  R I  d e t e c t o r  was changed as r e q u i r e d  i n  
o r d e r  t o  keep t h e  PCB and c h o l e s t e r o l  p ea ks  o n - s c a l e  as  
t h e  i n j e c t i o n  vo lum e was i n c r e a s e d .
S o l u t e s .
i )  A p p ro x .  157. m /v  W i t e p s o l  H15 i n  m o b i le  p hase .
i i )  A p p ro x .  0 .5%  m /v  c h o l e s t e r o l  i n  m o b i le  pha se .
i i i )  A p p ro x .  0 .57 .  m /v  A r o c l o r  1242 i n  m o b i le  pha se .
i v )  A p p ro x .  0 .5%  m /v  A r o c l o r  1260 i n  m o b i l e  pha se .
v)  A p p ro x .  0 .5%  m /v  A r o c l o r  1242 + a p p r o x .  0 .5% m/v
c h o l e s t e r o l  + a p p r o x .  0 .5%  m/v  W i t e p s o l  H IS  i n  m o b i le
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p h a se .
v i > A p p ro x .  0 .5%  m /v  A r o c l o r  1260 + a p p r o x .  0 .5%  m/v
c h o l e s t e r o l  + a p p r o x .  0 .5%  m/v W i t e p s o l  H15 i n  m o b i le  
p h a se .
I n j e c t i o n s  Mere made as  shown i n  T a b l e s  5 and 6 .
R e s u l t s .
The r e s u l t s  a r e  s e t  o u t  i n  T a b l e s  5 and 6 .
The s e p a r a t i o n s  o f  0 .5%  m/v  A r o c l o r  1242 and 0 .5% m/v  
A r o c l o r  1260  f ro m  0 .5%  m/v  c h o l e s t e r o l  + 15% m/v  
t r i g l y c e r i d e s  u s i n g  a 2 . 0  ml i n j e c t i o n  and 20s80% v / v  
p r o p a n ~ 2 ~ o l : n - h e p t a n e  m o b i le  phase can be seen i n  F i g u r e  
2 4 .
I t  can be seen f ro m  t h e  r e s u l t s  t h a t  t h e  i n j e c t i o n  o f  
l a r g e  amounts  o f  l i p i d  i n  t h e  2 . 0  ml i n j e c t i o n s  p ro d u c e s  
a c o n d s i d e r a b l e  d rop  i n  f l o w  r a t e  compared t o  t h e  0 . 5  ml 
i n j e c t i o n s .  H o w ev er ,  an i m p o r t a n t  f e a t u r e  o f  t h e  r e s u l t s  
i s  t h a t  n e i t h e r  t h e  d rop  i n  f l o w  r a t e  nor  t h e  l a r g e  
amount o f  l i p i d  a f f e c t s  t h e  a d j u s t e d  c a p a c i t y  f a c t o r s  f o r  
t h e  PCBs i . e .  t h e  k '  v a l u e s  re m a in  c o n s t a n t  d e s p i t e  t h e  
changes  i n  i n j e c t i o n  v o lu m e ,  f l o w  r a t e  and l i p i d  mass.  
T h i s  i s  q u i t e  r e m a r k a b l e  s i n c e  an i n j e c t i o n  o f  2 . 0  ml o f  
15% t r i g l y c e r i d e s  r e p r e s e n t s  an i n j e c t i o n  o f  300  mg o f  
l i p i d  w h ich  may w e l l  be e x p e c t e d  t o  d i s t u r b  t h e
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Table 5. Retention o-f solutes using 15:85 propan-2-ol: n- 
heptane mobile phase.
Solution t,_ (mins)
0 .5 ml in j . crest. 2 .0 ml in j . crest.
i )  Witepsol H15 2.3 to ? 7sJ  a O Unretained 3.1 to 4 .8 Unretained
i i )  Cholesterol 2 .6 to 3 .0 Approx. 0 .2 3.1 to 4.2 Approx 0 .2
i i i )  ArGclor 1242 3.8 to 5 .4 Approx. 0 .9 Not done Not done
iv )  Aroclor 1260 3.4 to 5 .0 Approx. 0 .8 Not done Not done
v) Aro. 1242+lipid 3.9 to 5.5 Approx. 0 .9 5 .4 to 8 .0 Approx. 0 .9
v i ) Aro. 1260+lipid 3.6 to 5 .2 Approx. 0.8 4.9 to 7.7 Approx. 0.8
Table 6. Retention of solutes using 20:80 propan-2-ol: n- 
heptane mobile phase.
Solution t,_ (mins) 
2.0 ml in j
k ' of peak 
crest.
i )  Witepsol H15
i i )  Cholesterol
i i i )  Aroclor 1242
iv ) Aroclor 1260
v) Aro. 1242+1ip id
v i ) Aro. 1260+lipid
3 .2  to 5 .0
3.2 to 4 .3  
Not done 
Not done 
5.7  to  8 .3  
5.1 to 7 .9
Unretained 
Approx. 0 .2  
Not done 
Not done 








2.0 ml 0.5% m/ 
Aroclor 1242 +







i n i ts
I n j e c t i o n  o f
A r o c lo r  1 2 6 0  + 
15% TGs +  0.5%
c h o le s t e r o l  I n  
n -h e p ta n e  I
F i g u r e  24. Column: Polymer Laboratories PLRP-S 300 x 7.5 mm
10 pm  particle size 100 nm pores
Mobile phase: 20% v/v propan-2-ol in n-heptane
Flow rate: 2.3' ml /min
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e q u i l i b r i u m  be tw een  m o b i le  and s t a t i o n a r y  phases  w i t h  
marked e f f e c t s  on r e t e n t i o n ,  b u t  t h i s  does n o t  ap p e a r  t o  
be t h e  c a s e .  On r e f l e c t i o n ,  t h i s  i s  p e r h a p s  n o t  so 
s u r p r i s i n g  w i t h  a GPC t y p e  sys tem  s i n c e  t h e  r e t e n t i o n  o f  
t h e  o r g a n o h a l o g e n s  t a k e s  p l a c e  l a r g e l y  w i t h i n  t h e  
c h a n n e l s  o f  t h e  p o ly m e r  w h ich  a r e  n o t  a c c e s s i b l e  t o  t h e  
l i p i d s .  Thu s ,  t h e  m o b i le  phase c o m p o s i t i o n  p r o b a b l y  
r e m a i n s  l a r g e l y  unchanged w i t h i n  t h e  c h a n n e l s  where t h e  
o r g a n o h a l o g e n s  spend much o f  t h e i r  t i m e  on column.  
C o n s e q u e n t l y ,  t h e  c a p a c i t y  f a c t o r s  o f  t h e  PCBs a r e  n o t  
a f f e c t e d  by t h e  t r i g l y c e r i d e s .  A b s o l u t e  r e t e n t i o n  t im e s  
a r e ,  o f  c o u r s e ,  a f f e c t e d  by v a r i a t i o n s  i n  f l o w  r a t e .
W i th  t h e  2 . 0  ml i n j e c t i o n ,  t h e  PCB peak i s  much b r o a d e r  
bec a u s e  t h e  i n j e c t e d  sam ple  band i s  t h a t  much w id e r  on 
i n t r o d u c t i o n ,  b u t  d e s p i t e  t h i s  e f f e c t ,  b o th  A r o c l o r  1242  
and A r o c l o r  1260 r e m a in e d  c o m p l e t e l y  s e p a r a t e d  f ro m  t h e  
c h o l e s t e r o l  and t h e  t r i g l y c e r i d e s  u s in g  t h i s  sys tem .
Chang ing  t h e  c o m p o s i t i o n  o f  t h e  m o b i le  phase f ro m  157. t o  
207  p r o p a n - 2 - o l  i n  n - h e p t a n e  had no d i s c e r n i b l e  e f f e c t  on 
t h e  r e t e n t i o n  o r  peak  shape o f  any o f  t h e  s o l u t e s .
In  c o n c l u s i o n ,  t h i s  s e m i - p r e p a r a t i v e  sys tem  e n a b le d  
c o m p l e t e  s e p a r a t i o n  o f  PCBs f ro m  300  mg o f  t r i g l y c e r i d e s  
p l u s  10 mg o f  c h o l e s t e r o l  i n j e c t e d  o v e r  2 . 0  m l .  E l u t i o n  
t i m e s  and f r a c t i o n  vo lum es  w ere  b o th  v e r y  much lo w e r  th a n  
w i t h  c o n v e n t i o n a l  GPC sys te m s  and b o th  t h e  PCBs and
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l i p i d s  c o u ld  be r e c o v e r e d .  The s e p a r a t i o n  was u n a f f e c t e d  
by c h a n g in g  t h e  m o b i le  phase c o m p o s i t i o n  f ro m  15% t o  20% 
p r o p a n - 2 - o l  i n  n - h e p t a n e .
These r e s u l t s  were v e r y  e n c o u r a g in g  and d e m o n s t r a te d  t h a t  
s e p a r a t i o n  on a l a r g e  s c a l e  such as would be r e q u i r e d  f o r  
m i l k  sam ples  was f e a s i b l e  and t h e  n e x t  s t e p  was t o  a s s e s s  
r e c o v e r i e s  o f  PCBs and l i p i d s .
E x p e r im e n t  6 .
The r e c o v e r i e s  o f  PCBs and t r i g l y c e r i d e s  w ere  d e t e r m in e d  
u s in g  t h e  f o l l o w i n g  HPLC systems
Columns Po lym er  L a b o r a t o r i e s  PLRP-S 3 00  x 7 . 5  mm
column w i t h  10 pm p a r t i c l e s  and 100 nm 
p o r e s .
20 :00%  v / v  p r o p a n - 2 - o l : n - h e p t a n e .
2 . 3  ml m in” 1 .
R e f r a c t i v e  in d e x  a t  10” 3 R I  u n i t s  f s d .  
Am bient  t e m p e r a t u r e .
3 5 °C .
I n j e c t i o n  v o l . :  2 . 0  ml
I n s t ru m e n ts  DuPont 8 30  p r e p a r a t i v e  HPLC u n i t .
M o b i le  phases 
Flow r a t e s  
D e t e c t i o n :
Column temp.s
The f o l l o w i n g  s o l u t i o n s  w ere  made ups
i )  45  pg m l - 1  A r o c l o r  1242 + 48  pg m l” 1 A r o c l o r  1248 +
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102 yg m l” 1 A r o c l o r  1260 + 15 .00% m/v W i t e p s o l  H15 i n  n—
h e p t a n e .
i i )  15 .00%  m/v  W i t e p s o l  H15 i n  n - h e p t a n e .
i i i )  45  yg m l” 1 A r o c l o r  1242 + 48  yg m l” 1 A r o c l o r  1248 +
102 yg m l” 1 A r o c l o r  1260 + 1 0 . 4  yg ml” 1 4 - c h l o r o - m - c r e s o l  
i n  n - h e p t a n e .
i v )  1 0 . 4  yg  m l” 1 4 - c h l o r o - m - c r e s o l  i n  n - h e p t a n e .
The c h l o r o c r e s o l  was used as an i n t e r n a l  s t a n d a r d  -for  
s u b s e q u e n t  GC a n a l y s i s .
The r e c o v e r y  e x p e r i m e n t  assumed t h a t  t h e  i n j e c t i o n  loop
volume was e x a c t l y  2 . 0  m l .  The f l o w  r a t e  was m a i n t a i n e d
a t  2 . 3  ml m in” 1 d u r i n g  sam ple  e l u t i o n .
The f o l l o w i n g  i n j e c t i o n s  w ere  mades One i n j e c t i o n  o f  
s o l u t i o n  ( i i )  was made and t h e  l i p i d  f r a c t i o n  c o l l e c t e d .  
F i v e  r e p l i c a t e  i n j e c t i o n s  o f  s o l u t i o n  ( i )  w ere  made and 
t h e  l i p i d  f r a c t i o n s  f ro m  t h e  f i r s t  t h r e e  w ere  c o l l e c t e d  
w hereas  t h e  PCB f r a c t i o n s  w ere  c o l l e c t e d  f o r  a l l  f i v e  
r e p l i c a t e s .  F r a c t i o n  c o l l e c t i o n  t i m e s  w ere  d i c t a t e d  by  
t h e  p o s i t i o n  o f  t h e  l i p i d  band as  seen on t h e  c h a r t  
r e c o r d e r ;  t h e  f r a c t i o n s  w ere  t y p i c a l l y  c o l l e c t e d  as  shown 
i n  F i g u r e  2 5 .
The l i p i d  f r a c t i o n s  w ere  e v a p o r a t e d  t o  d r y n e s s  i n  a 
r o t a r y  e v a p o r a t o r  and t h e  r e s i d u e s  were  w e ighed  i n  o r d e r  
t o  d e t e r m i n e  r e c o v e r i e s .
Lipid
PCBs I n j .
12 10 8 6 4 2 0
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Minutes after injection




The PCD - f r a c t i o n s  w ere  g e n t l y  e v a p o r a t e d  a lm o s t  t o  
d r y n e s s  i n  a r o t a r y  e v a p o r a t o r  and 2 . 0  ml o f  t h e  
i n t e r n a l  s t a n d a r d  s o l u t i o n  ( i v )  w ere  added t o  each t o  
r e d i s s o l v e  t h e  r e s i d u e s .
R e s u l t s .
The r e c o v e r i e s  f o r  t h e  f o u r  l i p i d  f r a c t i o n s  were  
d e t e r m i n e d  t o  be:
98.0" / . ,  9 8 .9 ' / . ,  96.3"/. and 96.6"/. (mean -  97 .57 . )  .
A f t e r  a d d i t i o n  o f  t h e  i n t e r n a l  s t a n d a r d  s o l u t i o n  < i v ) , 
t h e  PCB f r a c t i o n  was exam ined by c a p i l l a r y  GC u s i n g  t h e  
c o n d i t i o n s  d e s c r i b e d  und er  e x p e r im e n t  3 and u s in g  an 
i n t e g r a t o r  t o  measure peak a r e a s .  S o l u t i o n  ( i i i )  was used  
as  a r e c o v e r y  s t a n d a r d .  F i v e  p ea ks  a c r o s s  t h e  
c h r o m a t o g r a p h i c  r a n g e  o f  PCBs w ere  chosen t o  be  
r e p r e s e n t a t i v e  o f  PCB r e c o v e r y  and t h e  peak a r e a  r a t i o s  
( r e l a t i v e  t o  t h e  i n t e r n a l  s t a n d a r d )  f o r  t h e  f i v e  peaks  i n  
each o f  t h e  f i v e  r e p l i c a t e  PCB f r a c t i o n s  w ere  th e n  
compared d i r e c t l y  t o  t h e  r e s p e c t i v e  peak a r e a  r a t i o s  i n  
t h e  s t a n d a r d .  Assuming a l i n e a r  c a l i b r a t i o n  c u r v e  w i t h  
z e r o  i n t e r c e p t  f o r  each p e a k ,  t h e  r e c o v e r y  f o r  each o f  
t h e  f i v e  pea ks  i n  t h e  f i v e  r e p l i c a t e s  was c a l c u l a t e d .  The  
s t a n d a r d  v a l u e s  used f o r  t h e  r e c o v e r y  c a l c u l a t i o n s  were  
o b t a i n e d  by t a k i n g  t h e  mean peak a r e a  r a t i o  f o r  t h r e e  
r e p l i c a t e  i n j e c t i o n s  o f  t h e  s t a n d a r d  s o l u t i o n  ( i i i )  f o r
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each o f  t h e  f i v e  s e l e c t e d  PCB peaks  and a s s i g n i n g  100% 
r e c o v e r y  t o  t h e s e  mean v a l u e s .
In  a d d i t i o n ,  t h e  a r e a  r a t i o  o f  t h e  peaks  e l u t i n g  a t
tr-=19.80 and 37.80 was c a l c u l a t e d  f o r  each o f  t h e  f i v e
r e p l i c a t e s  as  a c r u d e  measure o f  p a t t e r n  d i s t o r t i o n .
R e s u l t s .
R e s u l t s  a r e  shown i n  T a b l e  7 .
T h i s  a p p ro a c h  t o  d e t e r m i n i n g  PCB r e c o v e r y  r e l i e s  on 
s e v e r a l  a s s u m p t io n s  i n c l u d i n g :  a )  t h e r e  a r e  no l o s s e s  o f  
PCBs d u r i n g  t h e  e v a p o r a t i o n  s t e p ,  b) t h e  chosen peaks  a r e  
r e p r e s e n t a t i v e  o f  a l l  PCBs and c> t h e  v a r i a t i o n  o f  0C 
peak a r e a s ,  p a r t i c u l a r l y  t h e  i n t e r n a l  s t a n d a r d  p e a k ,  a r e  
n o t  so g r e a t  as  t o  be m i s l e a d i n g  w i t h  r e g a r d  t o  t h e  
r e p r o d u c i b i 1 i t y  o f  t h e  HPLC r e c o v e r i e s .
These a s s u m p t io n s  a r e  p r o b a b l y  a c c e p t a b l e  a l t h o u g h  t h e  
i n t e r n a l  s t a n d a r d  peak i s  v e r y  e a r l y - e l u t i n g  and
s i g n i f i c a n t  v a r i a t i o n  i n  t h e  measurement o f  i t s  a r e a  i s
q u i t e  p o s s i b l e ;  t h i s  may a c c o u n t  f o r  some o f  t h e
v a r i a t i o n  seen i n  t h e  r e s u l t s .  T h i s  i s  b o rn e  o u t  by t h e  
o b s e r v a t i o n  t h a t  t h e  r a n k  o r d e r  o f  r e c o v e r i e s  i s
v i r t u a l l y  t h e  same f o r  each peak ( f o r  e x a m p le ,  r e p l i c a t e  
2 g i v e s  t h e  h i g h e s t  r e c o v e r y  f o r  a l l  f i v e  peaks  and 
r e p l i c a t e  5 g i v e s  t h e  l o w e s t  f o r  a l l  s av e  peak 3 ) .  T h i s
Table 7. 96Recoveries -for selected PCB peaks from f iv e  re p lic a te  
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e f f e c t  would  be e x p e c t e d  i f  t h e r e  was v a r i a t i o n  i n  t h e  
a r e a  o f  t h e  i n t e r n a l  s t a n d a r d  ( e i t h e r  a measurement e r r o r  
o r  an e r r o r  i n  t h e  a d d i t i o n  o f  t h e  i n t e r n a l  s t a n d a r d ) .  I t  
c o u l d ,  o f  c o u r s e ,  be due t o  g e n u in e  v a r i a t i o n  i n  t h e  
r e c o v e r i e s ,  b u t  i t  i s  p o s s i b l y  a l i t t l e  u n l i k e l y  t h a t  a l l  
peak r e c o v e r i e s  would  v a r y  t o g e t h e r  q u i t e  so c o n c e r t e d l y ,  
d e s p i t e  t h e  f a c t  t h a t  a l l  t h e  c o n g e n e rs  c o - e l u t e  f ro m  t h e  
HPLC.
In  c o n t r a s t ,  t h e  v e r y  low s p l i t  r a t i o  used f o r  t h e  GC 
i n j e c t i o n  may have  g i v e n  r i s e  t o  some v a r i a b l e  
d i s c r i m i n a t i o n  amongst  t h e  c o n g e n e r s ,  e s p e c i a l l y  t h e  
h i g h e r  b o i l i n g  p o i n t  components  and t h i s  may a c c o u n t  f o r  
t h e  v a r i a t i o n  i n  t h e  peak a r e a  r a t i o  f o r  t h e  peaks  a t  
1 9 . 8 0  and 3 7 . 8 0  m in u t e s .
A t y p i c a l  c a p i l l a r y  GC chrom atogram  f o r  a c l e a n e d - u p  PCB 
f r a c t i o n  i s  shown t o g e t h e r  w i t h  a s t a n d a r d  i n j e c t i o n  i n  
F i g u r e  2 6 .  GC c o n d i t i o n s  w ere  as d e s c r i b e d  under  
e x p e r i m e n t  3 e x c e p t  t h a t  t h e  t e m p e r a t u r e  was programmed  
t o  250^*0 i n s t e a d  o f  2 0 0 ° C .  As can be s e e n ,  p a t t e r n  
d i s t o r t i o n  a p p e a r s  t o  be m in im a l  and t h e  c l e a n - u p  of  t h e  
sam ple  seems t o  be e x c e l l e n t .
In  c o n c l u s i o n ,  r e c o v e r i e s  f o r  b o th  l i p i d  (300  mg) and 
PCBs ( a p p r o x i m a t e l y  4 0 0  pg)  w ere  v e r y  good.  T h i s  assumes  
t h a t  t h e  HPLC i n j e c t i o n  lo o p  was e x a c t l y  2 . 0 0  ml i n  
volume b u t  t h e  e r r o r  s h o u ld  n o t  be l a r g e .  The PCB
A r o c l o r  s t a n d a r d
P C B  f r a c t i o n  f r o m  Aroclor + 
l ipid sample
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• f r a c t i o n  was c o l l e c t e d  d i r e c t l y  a f t e r  t h e  e l u t i o n  o f  t h e  
l i p i d  band and was a b o u t  10 ml i n  vo lum e.  The f i n a l  s t e p  
i n  t h e  d e v e lo p m e n t  o f  t h i s  c l e a n - u p  t e c h n i q u e  was t h e  
i n v e s t i g a t i o n  o f  0CP e l u t i o n  p r o f i l e s .
E x p e r im e n t  7 .
Us in g  t h e  HPLC sys tem  as d e s c r i b e d  i n  e x p e r im e n t  6 ,  t h e  
r e t e n t i o n  o f  a number o f  o r g a n o c h l o r i n e  p e s t i c i d e s  was 
i n v e s t i g a t e d .  I n d i v i d u a l  s o l u t i o n s  o f  t h e  f o l l o w i n g  OCPs 
w ere  made up i n  n - h e p t a n e  a t  a c o n c e n t r a t i o n  o f  
a p p r o x i m a t e l y  0 .037 .  m /v  ( e x c e p t  f o r  be ta -H C H  which was 
made up as a s a t u r a t e d  s o l u t i o n ) :
a lp h a - H C H ,  b e ta - H C H ,  gamma-HCH, d e l t a - H C H ,  p , p ' - D D T ,  
o , p ' - D D T , p , p ' - D D E ,  o , p ' -D D E , p , p ' - T D E ,  o , p ' - T D E ,  p , p ' -  
TDE o l e f i n ,  c h l o r d a n e  ( t e c h n i c a l ) ,  a l d r i n ,  e n d r i n ,  
d i e l d r i n ,  h e x a c h l o r o b e n z e n e .
For  2 . 0  ml i n j e c t i o n s  and a f l o w  r a t e  o f  2 . 3  ml m in“ x , 
t h e  e l u t i o n  windows ( t h e  t i m e s  a f t e r  i n j e c t i o n  a f t e r  
which e l u t i o n  b e g in s  and ends)  f o r  each OCP t o g e t h e r  w i t h  
t h e  e l u t i o n  windows f o r  PCBs, b i p h e n y l ,  l i p i d  and n -  
h e p t a n e ,  a r e  g i v e n  i n  T a b l e  8 .
Peak shapes  w ere  g e n e r a l l y  q u i t e  b r o a d ,  b u t  a l l  t h e  
o r g a n o h a lo g e n s  t e s t e d  e x c e p t  t e c h n i c a l  c h l o r d a n e  and  
a l d r i n  would  be c o m p l e t e l y  s e p a r a t e d  f ro m  up t o  a b o u t
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T a b le  8, E l u t i o n  windows -for s e l e c t e d  compounds 
u s in g  HP-8PC c le a n  up w i t h  PLRP-S column  
(3 0 0  x 7 . 5  mm), 2 0 : 8 0  p ro p a n —2 ~ o l : h e p ta n e  
a t  2 . 3  ml m in- 1 . 2 . 0  ml i n j e c t i o n .  System
tem p . *C.
S o lu t e E l u t i o n  window
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3 0 0  mg o f  l i p i d  m a t e r i a l .
The t o t a l  e l u t i o n  vo lume f ro m  t h e  p o i n t  o f  i n j e c t i o n  t o  
t h e  p o i n t  w here  a l l  t h e  t e s t e d  m a t e r i a l s  had c o m p l e t e l y  
e l u t e d  was l e s s  th a n  24 ml and t h e  OCP/PCB f r a c t i o n  was 
l e s s  t h a n  12 m l .  The chrom atogram  f o r  a 2 . 0  ml i n j e c t i o n  
o f  t h e  0 .0 3 %  m/v  p , p ' - D D T  s o l u t i o n  i n  n - h e p t a n e  i s  shown 
i n  F i g u r e  2 7 .
In  c o n c l u s i o n ,  PCBs and a w id e  v a r i e t y  o f  OCPs were  
s e p a r a t e d  f ro m  t r i g l y c e r i d e s  u s in g  t h i s  HP-GPC system  and 
t h e  method showed c o n s i d e r a b l e  p ro m is e  as a c l e a n - u p  
t e c h n i q u e  f o r  m i l k  e x t r a c t s .
4 . 2 . 3 .  Comments on t h e  use o f  t h e  HP-GPC c l e a n - u p  method.
The a d v a n t a g e  o f  t h e  HPLC c l e a n - u p  d e s c r i b e d  above a r e  
q u i t e  e v i d e n t  and i n c l u d e  speed o f  s e p a r a t i o n ,  low  
s o l v e n t  co n su m p t io n  and a r e - u s a b l e  co lum n.  The v i s u a l  
p i c t u r e  o f  t h e  s e p a r a t i o n  p r o v i d e d  by t h e  RI  d e t e c t o r  was 
found  t o  be  v e r y  u s e f u l  f o r  i n d i c a t i n g  when t h e  l i p i d  
f r a c t i o n  had ended which  i s  p a r t i c u l a r l y  i m p o r t a n t  f o r  
sam p les  w here  l i p i d  c o n t e n t  v a r i e s  as  w i t h  human m i l k .
E x p e r i e n c e  w i t h  t h e  sys tem  has a l s o  p rove d  i t  t o  be v e r y  
d u r a b l e .  A f t e r  a p p r o x i m a t e l y  18 months o f  u s e ,  h a v in g  
been exposed t o  a l a r g e  number o f  c r u d e  e x t r a c t s  and 
o t h e r  s o l u t i o n s ,  t h e  column t e s t  m i x t u r e  was r e - r u n  and
n-HEPTANE
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t h e  r e s u l t  compared w i t h  t h e  o r i g i n a l  t e s t  chrom atogram  
s u p p l i e d  by t h e  m a n u f a c t u r e r . The two chrom atogram s a r e  
r e p r o d u c e d  i n  a p p e n d ix  2 .  I n s p e c t i o n  o f  t h e  r e s u l t s  show 
no d i s c e r n i b l e  d e t e r i o r a t i o n  o f  column p e r f o r m a n c e  
d e s p i t e  t h e  h a r s h  u se .
In  c o n t r a s t  t o  t h e  a d v a n t a g e s ,  h o w e v e r ,  t h e r e  a r e  a 
number o f  m in or  p ro b le m s  which  have come t o  l i g h t  as  a 
r e s u l t  o f  exper ience g a in e d  i n  u s in g  t h e  sys tem  f o r  t h e  
c l e a n - u p  o f  m i l k  e x t r a c t s :
The m i l k  e x t r a c t s  w ere  a lw a y s  s t r a w - y e l l o w  i n  c o l o u r .  
Most o f  t h i s  p i g m e n t a t i o n  e l u t e s  w i t h i n  t h e  l i p i d  
f r a c t i o n  b u t  some does f r e q u e n t l y  pass i n t o  t h e  OCP/PCB 
f r a c t i o n .  T h i s  c o l o u r a t i o n  does n o t ,  f o r t u n a t e l y ,  a p p e a r  
t o  h i n d e r  t h e  GC d e t e r m i n a t i o n  o f  t h e  r e s i d u e s .
On r e d u c i n g  t h e  vo lum e o f  t h e  OCP/PCB f r a c t i o n  t o  a 
volum e s u i t a b l e  f o r  HP-GPC i n j e c t i o n ,  a w h i t e  p r e c i p i t a t e  
i s  th ro w n  down ( a b o u t  1 mg p e r  10 ml m o b i le  p h a s e ) .  
I n v e s t i g a t i o n  o f  t h e  s o u r c e  o f  t h i s  p r e c i p i t a t e  showed i t  
t o  stem f ro m  t h e  m o b i le  phase  i t s e l f .  The i d e n t i t y  o f  
t h i s  p r e c i p i t a t e  was n o t  d e t e r m in e d  b u t  may have  been due  
t o  p l a s t i c i s e r  o r  m o l e c u l a r  s i e v e  r e s i n s .  A g a in ,  t h e  
p r e s e n c e  o f  t h i s  p r e c i p i t a t e  d i d  n o t  ap p e a r  t o  a f f e c t  t h e  
d e t e r m i n a t i o n  o f  t h e  r e s i d u e s .
E x t r a c t s  o f  h i g h e r  f a t  c o n t e n t  (say  >300 mg l i p i d  i n
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2 ml)  can g i v e  l i p i d  bands which  o v e r l a p  w i t h  t h e  OCP/PCB
f r a c t i o n .  As a r e s u l t ,  m i l k  sam ples  w ere  r o u t i n e l y
i n t r o d u c e d  o v e r  two i n j e c t i o n s .
The use  o f  t h i s  app ro ach  t o  sam ple  c l e a n - u p  r e q u i r e s  
c o m p l e t e  t r a n s f e r  o f  t h e  sam ple  t o  t h e  HPLC column.  T h i s  
q u a n t i t a t i v e  t r a n s f e r  f o r c e s  t h e  o p e r a t o r  t o  wash t h e  
sam ple  v e s s e l  and s y r i n g e  w i t h  s o l v e n t  and i n j e c t  t h e s e
w a s h in g s  as  p a r t  o f  t h e  sa m p le .  T h i s  i m p l i e s  t h e  use o f
v e r y  low  vo lum es  o f  s o l v e n t  f o r  washing (a b o u t  1 ml i n
t o t a l )  w i t h  t h e  p o s s i b i l i t y  o f  l e a v i n g  t r a c e s  o f  t h e
sam ple  i n  t h e  v e s s e l  o r  s y r i n g e .  F o r t u n a t e l y ,  e x p e r i e n c e  
has p r o v e d  t h i s  p ro b le m  t o  be n e g l i g i b l e  and a sample  
p l u s  w a s h in g s  can be i n t r o d u c e d  o v e r  two i n j e c t i o n s
w i t h o u t  d i f f i c u l t y .  A f u r t h e r  p o t e n t i a l  p ro b le m  w i t h  t h i s  
method i s  t h e  i n t r o d u c t i o n  o f  a i r  w i t h  t h e  sam ple  s i n c e  
a i r  c a n n o t  be t o t a l l y  e x p e l l e d  f ro m  t h e  s y r i n g e  w i t h o u t  
t h e  r i s k  o f  sam ple  l o s s .  A g a in ,  e x p e r i e n c e  has shown t h e  
sys tem  t o  be h i g h l y  t o l e r a n t  o f  a i r  and any a i r  b u b b le s
pass s t r a i g h t  t h r o u g h  t h e  column and d e t e c t o r .
A more t r y i n g  p r a c t i c a l  p ro b le m  i s  t h e  b l o c k a g e  o f  t h e  
sys tem  by p a r t i c l e s  i n  t h e  i n j e c t e d  s a m p le s .  A t t e m p ts  t o  
f i l t e r  t h e  sam p le s  t h r o u g h  a z e r o  dead volume membrane 
f i l t e r  p r i o r  t o  i n j e c t i o n  p ro ve d  t o  be i m p r a c t i c a b l e  due 
t o  t h e  h i g h  v i s c o s i t y  o f  t h e  e x t r a c t .  Thus ,  an i n - l i n e  
f i l t e r  had t o  be i n c o r p o r a t e d  i n  t h e  sys tem  a f t e r  t h e  
i n j e c t i o n  l o o p .  T h i s  f i l t e r  f r e q u e n t l y  became b lo c k e d
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( a f t e r  a b o u t  e v e r y  t h  i r  d o r  f o u r  t h  i n j  e c t  i o n )  and had t o  
b os b a c k - f  1 la s  h e d . T h i s i s a m a j  o r  in c o n v e n ie n t :  os a n d c a u s os s 
t  h e r:. o lap 1 i ng s t  o b ec ome warn which i n t u r n  c an l e a d  t  o 
l e a k a g e .  I n c o r p o r a t i n g  a v a l v e  s w i t c h i n g  b a c k —f 1u s h ig  
sy s t  em won 1 d p r  e v e n t  t  h i s d i  f  f  i c u 11 y b u t  won 1 d b e 
e x p e n s i  v e .
A more s e r i o u s  and p e r p l e x i n g  p rob lem  which may o r  may 
n o t  bos t h e  r  os s u i t  o f  t h e  HP-GPC c l e a n - u p  was t h e  
o c c a s i  ona 1 " l o s s "  o-f endr  i n rossi dlaes obsosrved i n r e c o v e r  y 
stLAdi.es c o n d u c te d  t o  ass e s s  t h e  r e c o v e r i e s  o-f t h e  w ho le  
e x t r a c t i o n ,  c l e a n - u p  and q u a n t i t a t i o n  p r o c e d u r e .  When 
t h i s  l o s s  o c c u r e d , i t  appearosd t o  be a lm o s t  t o t a l  w i t h  
t h e  e n d r i n  r e c o v e r y  d r o p p in g  t o  around z e r o .  At a l l  o t h e r  
t i m e s ,  r e c o v e r i e s  weros r o u t i n e l y  v e r y  good.  I t  may be 
t h a t  t h i s  l o s s  o c c u r s  d u r i n g  t h e  HPLC a l t h o u g h  i t  c o u ld  
a r  i s e d u r  i n g e x t  r a c t i o n  o r  d u r  i n g v o 1 u m os r  os d u c t  io n  i n t  h e 
K u d e r  n a --Dan i. s h e v a p □ r  a t  o r . I -f t  hi e 1 o s s d o e s os c c u r  d la r  i n g 
t h e  HPLC, i t  c o u ld  p o s s i b l y  bos due t o  d i f f e r e n t  amounts  
o f  l i p i d  c a u s i  rig sh i f  t  s i  n r  e t  osn t  i  on wi t  h thos end r  i  n 
moving i n t o  t h e  l i p i d .  However ,  i f  t h i s  w ere  t h e  c a s e ,  
one may e x p e c t  t o  see a v a r i a b i l i t y  in  e n d r i n  r e c o v e r i e s  
r a t h e r  th a n  t h e  " a l l - o r - n o t h i n g "  t y p e  of  e f f e c t  o b s e r v e d .  
T h i s p a r  t  i c u 1 a r  p r  o b 1 e m r  os m a i ns u n s os 1 v os d b la t  h a <:•> n o t  b e e n 
o b s e rv e d  w i t h  any o t h e r  a n a l y t e .
A f i n a l  d i  s a p p o i n t  m e n t , r  a t  h os r  t  h a n p ro  b 1 os m, i s t  h e os a r  1 y
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e l  L i t  i on o-f a l  d r  i n and t e c h n  i c a l  c:h 1 o r  dame p r e v e n t  i ng 
t h e i r  q u a n t i t a t i v e  r e c o v e r y .  In  c o n n e c t i o n  w i t h  t h i s ,  i t  
won1 d be d es i r a b 1 e t o  s l i g h t l y  i n c r e a s e  t h e  r e t e n t i o n  of  
t  he □CP/RGB f  r a c  t  i on w i t  hou t  i nc r  e a s i  ng i t s  t o t a l  v o 1 ume 
t o o  much, i n  o r d e r  t o  make t h e  t i m i n g  o f  f r a c t i o n  
c o l l e c t i o n  l e s s  c r i t i c a l  and move r e s i d u e s ,  i n c l u d i n g  
c h l o r d a n e  and a l d r i n ,  f u r t h e r  f ro m  t h e  l i p i d .  T h i s  i s  a 
d i f f i c u l t  t a s k  s i n c e  s o l v e n t s  which i n c r e a s e  t h e  
r  e t  en t  i on o f  t  h e o r  g an oh a 1 og en s te n d  t: o be p o 1 a r . 
I n t r o d u c i n g  p o l a r  s o l v e n t s  t o  t h e  system  would s e v e r e l y  
l i m i t  t h e  s o l u b i l i t y  o f  l i p i d s  i n  t h e  m o b i le  p h a s e ,  bu t  
an i n t e r e s t i n g  p o s s i b i l i t y  e x i s t s  by v i r t u e  o f  t h e  s i z e  
e x o 1 u s io n  mechamism o f  t h e  s e p a r a t i o n . Sample e x t r a c t s  
a r e  r o u t  i ne 1 y i n t r o d u c e d  i n  1007. hexane  s o l u t i o n .  The 
l i p i d  and t h e  hexane  a r e  bo th  u n r e t a i n e d  and e l u t e  
t o g e t h e r ,  i . e .  t h e  l i p i d  band r e m a in s  l a r g e l y  i n  t h e  
hexane s l u g .  As a r e s u l t ,  t h e  c o n s t i t u t i o n  o f  t h e  m o b i le  
phase may be l e s s  i m p o r t a n t  in  te rm s  of  m a i n t a i n i n g  l i p i d  
s o l u b i l i t y  on i n j e c t i o n .  F u r t h e r m o r e ,  a t  t h e  t e m p e r a t u r e  
of  t h e  s e p a r a t i o n  ( 3 5 c:>C) t h e  t r i g l y c e r i d e s  i n  human m i l k  
would be f l u i d  and would n o t  cau se  t o t a l  b lo c k a g e  even i f  
t h e y  w ere  t o  come o u t  o f  s o l u t i o n .  C o n s e q u e n t ly ,  i t  may 
be p o s s i b l e  t o  f u r t h e r  m o d i fy  t h e  m o b i le  p h a s e ,  p e rh a p s  
by i n c r e a s i n g  t h e  p r o p o r t i o n  o f  p r o p a n - 2 ~ o l , t o  p r o l o n g  
t h e  r e t e n t i o n  o f  t h e  o r g a n o h a 1 ogens w i t h o u t  s e v e r e l y  
l i m i t ! n g  t h e  l i p i d  c a p a c i t y  o f  t  he s y s te m . The 
o r  g a n o h a 1 o g e n s s h o u 1 d e n t  e r  t  h e c h a n n e I s  w i t  h i n t  h e 
po lym er  g e l  and would  "see"  t h e  more p o l a r  m o b i le  phase
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t h e r e i n  w hereas  t h e  l i p i d  would be e x c lu d e d  and "see"  
m a i n l y  t h e  h y d ro c a rb o n  s l u g  i n  which i t  was i n j e c t e d ,  
t h u s  m a i n t a i n i n g  i t s  s o l u b i l i t y .  Such a h y p o t h e s i s  would  
have t o  be i n v e s t i g a t e d  by t h o r o u g h  e x p e r i m e n t a t i o n .  Q-f 
c o u r s e ,  u s in g  a l o n g e r  column would i n c r e a s e  r e s o l u t i o n  
b u t  would  a l s o  i n c r e a s e  e l u t i o n  t i m e s  and vo lum es .
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5 .  QUANTITATION OF ORGANQCHLQRINE RESIDUES,
5 . 1 .  I n t r o d u c t i o n .
The method o-f d e t e r m i n a t i o n  o f  o r g a n o h a lo g e n s  t o  be 
em ployed  depends on s e v e r a l  f a c t o r s ;  t h e  t y p e  and number  
o f  a n a l y t e s ,  t h e  r a n g e  o f  a n a l y t e  c o n c e n t r a t i o n s ,  t h e  
" c l e a n n e s s "  o f  t h e  p ro c e s s e d  sam ple  and t h e  t y p e  o f  
i n f o r m a t i o n  r e q u i r e d .  A v a s t  number o f  methods o f
d e t e c t i o n  and q u a n t i t a t i o n  o f  o r g a n o h a lo g e n s  h av e  been 
d e v i s e d .  I n  t h i s  p a r t i c u l a r  a n a l y s i s  o f  human m i l k
s a m p le s ,  i t  was n e c e s s a r y  t o  d e v e lo p  a m u l t i - r e s i d u e  
method c a p a b l e  o f  d e t e r m i n i n g  s e v e r a l  o r g a n o c h l o r i n e  
p e s t i c i d e s  and t h e  PCBs s i m u l t a n e o u s l y  w i t h  a low l i m i t
o f  d e t e c t i o n  and a h ig h  d e g r e e  o f  s p e c i f i c i t y  w h i l s t  a l s o
m i n i m i s i n g  t h e  t o t a l  t i m e  and c o s t  f o r  t h e  a n a l y s i s .
5 . 1 . 1 .  M ethods o f  d e t e r m i n a t i o n  -  an o v e r v i e w .
A w id e  r a n g e  o f  t e c h n i q u e s  have been b r o u g h t  t o  b e a r  on 
t h e  p r o b le m s  o f  OCR and PCB a n a l y s i s .  To a l a r g e  e x t e n t ,  
t h e  c h o i c e  o f  t e c h n i q u e  depends on t h e  t y p e  o f  
i n f o r m a t i o n  r e q u i r e d  and t h e  amount o f  q u a l i t a t i v e  and 
q u a n t i t a t i v e ?  d e t a i l  s o u g h t .  The d e t e r m i n a t i o n  o f  OCP and 
PCB r e s i d u e s  i s  made v e r y  demanding n o t  o n l y  by t h e  l a r g e  
number o f  p o t e n t i a l  a n a l y t e s ,  b u t  a l s o  by t h e  v e r y  w ide  
r a n g e  o f  c o n c e n t r a t i o n s  o f  a n a l y t e s  t h a t  may o c c u r  w i t h i n  
a sam ple  and any s u c c e s s f u l  a n a l y t i c a l  method must
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a d d r e s s  and d e a l  a d e q u a t e l y  w i t h  t h e s e  p r o b le m s .
Some o-f t h e  l e s s  common t e c h n i q u e s  t h a t  have been u se d ,  
p a r t i c u l a r l y  -for PCBs, i n c l u d e  I R ,  NMR, rad io im m u n o assa y  
( R I A ) ,  TLC -C1053- and i s o t o p e  d i l u t i o n  a n a l y s i s  ( IDA)  
{1063-.  These can a l l  be used f o r  s c r e e n i n g  and ,  t o  a
g r e a t e r  o f  l e s s e r  e x t e n t ,  q u a n t i t a t i o n .  HPLC has a l s o  
been used f o r  a number o f  a p p l i c a t i o n s  w i t h  r e g a r d  t o  
o r g a n o c h l o r i n e  a n a l y s i s  -C107}. A l l  o f  t h e s e  methods  
e x c e p t  p e rh a p s  RIA and IDA,  h o w e v e r ,  g e n e r a l l y  l a c k
s u f f i c i e n t l y  low l i m i t s  o f  d e t e c t i o n  f o r  r e s i d u e  work .  By 
f a r  t h e  most common method f o r  q u a l i t a t i v e  and 
q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  OCPs and PCBs i s  gas  
c h r o m a to g r a p h y  and t h e  d i s c u s s i o n s  t h a t  f o l l o w  w i l l  be 
c o n c e rn e d  p r i m a r i l y  w i t h  t h i s  t e c h n i q u e .
5 . 1 . 2 .  Methods o f  d e t e r m i n a t i o n  u s in g  gas c h r o m a t o g r a p h y .
B e f o r e  d e c i d i n g  which fo rm  o f  gas c h ro m a to g ra p h y  i s  t o  be  
u s e d ,  t h e  o v e r a l l  o b j e c t i v e s  o f  t h e  a n a l y s i s  must be 
i d e n t i f i e d ,  t h a t  i s ,  how much q u a l i t a t i v e  and how much
q u a n t i t a t i v e  i n f o r m a t i o n  i s  r e q u i r e d .  OCPs a r e  r e l a t i v e l y  
s i m p l e  t o  i d e n t i f y  and q u a n t i f y  by gas ch ro m a to g ra p h y  
s i n c e  t h e y  te n d  t o  o c c u r  as  s i n g l e  compounds or  as  s i m p le  
m i x t u r e s  o f  compounds w i t h  each component d i s p l a y i n g  
e a s i l y  e x p l o i t a b l e  d i f f e r e n c e s  i n  c h r o m a t o g r a p h ic  
b e h a v i o u r .  T h e re  a r e  e x c e p t i o n s  t o  t h i s  g e n e r a l i s a t i o n ,  
h o w e v e r ,  and some OCPs, such as t e c h n i c a l  c h l o r d a n e  or
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c a m p h e c h l o r ,  o c c u r  i n  t h e  e n v i r o n m e n t  as  m i x t u r e s  o-f many 
c o n g e n e r s  i n  a s i m i l a r  f a s h i o n  t o  PCBs, and when such  
m i x t u r e s  a r i s e  i n  a s a m p le ,  t h e  a n a l y t i c a l  m ethodo logy  
can become v e r y  i n v o l v e d .  E q u a l l y ,  i f  a l a r g e  number o f  
OCPs i s  t o  be d e t e r m i n e d  o r  i n t e r f e r e n c e s  a r e  p r e s e n t ,  
s t e p s  must be t a k e n  t o  s i m p l i f y  t h e  gas c h r o m a t o g r a p h ic  
d a t a  and i t  may become n e c e s s a r y  t o  f r a c t i o n a t e  t h e  
sam ple  u s i n g  l i q u i d  c h r o m a to g r a p h y  o r  t o  use a " t w o -  
d i m e n s i o n a l "  t e c h n i q u e  such as GD-MS o r  p e r h a p s  G C-FT IR .
The PCBs, on t h e  o t h e r  hand,  a r e  more d i f f i c u l t  t o  
d e t e r m i n e .  The l a r g e  number o f  c o n g e n e rs  c o v e r  a v e r y  
w id e  c h r o m a t o g r a p h i c  r a n g e  and c o m p le t e  r e s o l u t i o n  o f  a l l  
2 0 9  c o n g e n e r s  i s  h a rd  t o  a c h i e v e .  A l th o u g h  a l l  209  
c o n g e n e r s  a r e  u n l i k e l y  t o  be p r e s e n t  i n  a human m i l k  
s a m p le ,  o r  in d e e d  any o t h e r  e n v i r o n m e n t a l  m a t e r i a l ,  t h e  
r e q u i r e m e n t  f o r  r e s o l u t i o n  i s  s t i l l  v e r y  demanding.
In  o r d e r  t o  a v o i d  r e s o l v i n g  a l l  209  c o n g e n e r s ,  v a r i o u s  
means o f  q u a n t i f y i n g  t h e  " t o t a l  PCB" c o n t e n t  o f  a sam ple  
have been d e v i s e d .  Such methods w ere  d e v e lo p e d  i n  t h e  
p a s t  when t o t a l  r e s o l u t i o n  was beyond t h e  t e c h n i c a l  
a b i l i t y  o f  most l a b o r a t o r i e s  b u t  many, i f  n o t  t h e  
m a j o r i t y  o f  l a b o r a t o r i e s  p e r s i s t  i n  u s in g  " t o t a l  PCB" 
methods d e s p i t e  t h e  f a c t  t h a t  congener— s p e c i f i c  a n a l y s e s  
can now be c a r r i e d  o u t  w i t h o u t  g r e a t  d i f f i c u l t y .  Of 
c o u r s e ,  c o n g e n e r - s p e c i f i c  d a t a  may n o t  be r e q u i r e d  i f ,  
f o r  e x a m p le ,  t h e  a n a l y s i s  i s  d e s ig n e d  m e r e l y  as a s c r e e n
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•for PCBs o r  f o r  m o n i t o r i n g  v a r i a t i o n s  i n  t o t a l  PCB 
c o n t a m i n a t i o n ,  b u t  as  w i l l  be s e e n ,  t h e  i n h e r e n t  
v a r i a b i l i t y  and p r a c t i c a l  p ro b lem s  o f  t h e  " t o t a l  PCB" 
methods may r e n d e r  them u n r e l i a b l e ,  even f o r  t h e s e  
a p p l i c a t i o n s .  But  i t  i s  e v i d e n t  t h a t  because  o f  t h e  
w i d e l y  d i f f e r i n g  t a x i c o l o g i c a l  p r o f i l e s  o f  d i f f e r e n t  PCB 
c o n g e n e r s ,  any  a n a l y s i s  d e s ig n e d  f o r  g e n e r a t i n g  d a t a  f o r  
t a x i  c o l o g i c a l  e v a l u a t i o n  m ust ,  de r i g u e u r ,  be congener— 
s p e c i  f i  c .
5 . 1 . 2 . 1 .  P e r c h l o r i n a t i o n .
The p r i n c i p l e  o f  p e r c h l o r i n a t i o n  i s  t h a t  a l l  
c h i o r o b i p h e n y l  c o n g e n e r s  a r e  e x h a u s t i v e l y  c h l o r i n a t e d  up 
t o  d e c a c h l o r o b i p h e n y l  and so may be d e t e r m in e d  as  a 
s i n g l e  s u b s t a n c e  f lO Q ,  109> .  The* t o t a l  c o n c e n t r a t i o n  may 
be e x p r e s s e d  e i t h e r  on a m o la r  b a s i s  o r  on a w e ig h t  
b a s i s .  The l a t t e r  c o u ld  be a c c o m p l is h e d  by  
p e r c h l o r i n a t i o n  o f  a known amount o f  a s t a n d a r d  PCB 
m i x t u r e  (such as  an A r o c l o r )  and com par ing  t h e  sample  
peak w i t h  t h a t  o b t a i n e d  f o r  t h e  s t a n d a r d ;  t h e  sample  may 
th e n  be s a i d  t o  c o n t a i n  PCBs e q u i v a l e n t  t o  a g i v e n  amount  
o f  t h e  s t a n d a r d  m i x t u r e .
The p e r c h l o r i n a t i o n  i s  u s u a l l y  c a r r i e d  o u t  u s in g  an t im o n y  
p e n t a c h l o r i d e  w i t h  o r  w i t h o u t  a h a lo g e n  c a r r i e r .  
P e r c h l o r i n a t i o n  w i t h o u t  a h a lo g e n  c a r r i e r  has  been found  
t o  be v e r y  t e m p e r a t u r e  d ep en d en t  and c a r e  must be t a k e n
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t o  a v o i d  i n c o m p Ie te  p e r c h 1 o r i  n a t  i on C110 > . Even i  f  
p e r c h 1 o r i n a t i o n  i s  q u a n t i t a t i v e ,  t h e  sample  may have t o  
be c l e a n e d  up p r i o r  t o  t h e  r e a c t i o n  i n  o r d e r  t o  remove  
p o t  en t  i a 1 i n  t  e r  f  e r  en c es such as b i p h en y 1 £ 1 1 .1 > , a l t  hough 
b i p h e n y  1 i t s e  1 f  i s  u n l i k e l y  t o  a c c u r  i n  human m i l  k . I f  
GC--ECD i s  t o  be used -for t h e  d e t e r m i n a t i o n ,  t h e  sample  
has t o  be c l e a n e d  up a g a in  a f t e r  p e r c h l o r i n a t i o n , u s in g  
a dso r  p t i o n  c h r  o m a to g ra p h y ,  so as t  o r  emove r  e s i  d u a 1 
e l e c t r o n  c a p t u r i n g  i m p u r i t i e s  which would o t h e r w i s e
i m p a i r  t h e  p r o p e r  f u n c t i o n i n g  o f  t h e  d e t e c t o r  -Cl 1 0 } .  The 
method does d e c r e a s e  t h e  l i m i t  o f  d e t e c t i o n  s i n c e  a l l  t h e  
PCBs a r e  d e t e r m in e d  i n  one v e r y  e l e c t r o n  c a p t u r i n g  p e a k ,  
b u t  a l l  i n f o r m a t i o n  a b o u t  t h e  d i s t r i b u t i o n  o f  i n d i v i d u a 1 
c o n g e n e r s  i s  l o s t  and so t h e  r e s u l t  i s  o f  v e r y  l i m i t e d  
v a l u e  f o r  t a x i c o l o g i c a l  p u r p o s e s .  In  a d d i t i o n ,  t h e  r e s u l t  
may n o t  be c o m p a ra b le  t o  t h e  answer  produced u s in g  
a n o t h e r  method -Cl 1 1 } .  P ro b lem s  w i t h  c o n t a m i n a t i o n  o f  t h e  
a n t im o n y  p e n t a c h l o r i d e  i t s e l f  w i t h  c h i  o r o b i  p h e n y ls  or  
b r o m i n a t e d  compounds have been r e p o r t e d  { 1 1 2 } .  T h i s  i s  
p o t e n t i a l l y  a m a jo r  s o u rc e  o f  e r r o r  and b l a n k s  must be 
r u n .  The method has been shown t o  be s u s c e p t i b l e  t o  
w ide  v a r i a t i o n s  in  a c c u r a c y  -Cl 13} and a l t h o u g h  i t  a p p e a r s  
t o  be qu i t  e s t  r  a i g h t  f  o r  war d t  o p e r  f o r m ,  i n r e a l i t y  i t  i s 
qu i t  e 1 ab our  i n t  en s i ve  an d o v e r  a l l ,  p e r c h l o r  i  n a t  i on i s  
p r o b a b l y  b e s t  a v o i  d e d .
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5 .  1 . 2 , 2 .  Dechi  o r i  n a t i  o n .
I n  c o n t r a s t  t o  p e r c h l o r i n a t i o n , d e c h l o r i n a t i o n  t o  
b i p h e n y l  has been i n v e s t i g a t e d  as an a l t e r n a t i v e .  A g a in ,  
t h e  a im  i s  t o  d e t e r m i n e  PCBs as one c h r o m a t o g r a p h ic  peak  
( b i p h e n y l ) .  The d e c h l o r i n a t i o n  has been c a r r i e d  o u t  by 
h e t e r o g e n e o u s  c a t a l y t i c  d e c h l o r i n a t i o n  u s in g  n i c k e l  
b o r i d e  g e n e r a t e d  i n s i t u  { 1 1 4 } .  The method s u f f e r s  f rom  
many o f  t h e  d raw backs  o f  p e r c h l o r i n a t i o n  i n c l u d i n g  
i n t e r f e r e n c e  f rom  b i p h e n y l  i t s e l f  i f  p r e s e n t  i n  t h e  
s a m p le ,  l o s s  o f  a l l  congener— s p e c i f i c  i n f o r m a t i o n  and 
l a c k  o f  c o m p a r a b i l i t y  w i t h  o t h e r  methods.  F u t h e r m o r e ,  t h e  
b i p h e n y l  g e n e r a t e d  i s  more d i f f i c u l t  t o  d e t e c t  a t  low  
l e v e l s  th a n  c h l o r i n a t e d  b i p h e n y l s  s i n c e  b i p h e n y l  has poor  
e l e c t r o n  c a p t u r i n g  p r o p e r t i e s  and no c h l o r i n e s ;  
c o n s e q u e n t l y ,  b i p h e n y l  i s  n o t  am enable  t o  d e t e c t i o n  by 
ECD o r  by H a l l  e l e c t r o l y t i c  c o n d u c t i v i t y  d e t e c t o r  (HECD) . 
F i n a l l y ,  t h e  n i c k e l  b o r i d e  r e d u c t i o n  has been found t o  be 
u n r e l i a b l e  and n o t  n e c e s s a r i l y  q u a n t i t a t i v e  <115 ,  1 1 6 } .  
I n  c o n c l u s i o n ,  t h i s  method sh o u ld  n o t  be em ployed .
5 . 1 . 5 . 3 .  Carbon s k e l e t o n  gas  c h r o m a t o g r a p h y .
T h i s  i n g e n i o u s  method a g a in  i n v o l v e s  c a t a l y t i c  
d e c h l o r i n a t i o n  o f  t h e  PCBs w i t h  t h e  a im o f  d e t e r m i n i n g  
" t o t a l  PCBs" as one peak ( b i p h e n y l )  { 1 1 7 } .  Hydrogen gas  
i s  used b o th  f o r  t h e  r e d u c t i o n  and as  t h e  GC c a r r i e r  gas .  
The c a t a l y s t ,  which may be p a l l a d i u m  o r  p l a t i n u m ,  can be
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i n c o r p o r a t e d  i n t o  t h e  i n j e c t o r  p o r t  o f  a gas  
c h ro m a to g ra p h  and d e c h l o r i n a t i o n  t a k e s  p l a c e  w i t h i n  t h e  
i n j e c t o r  p o r t  -C76, 118 ,  1 1 9 } .  T h i s  method s u f f e r s  f rom
some o f  t h e  p rob lem s  o f  n i c k e l  b o r i d e  r e d u c t i o n  such as  
d i f f i c u l t y  i n  d e t e c t i n g  low l e v e l s ,  l o s s  o f  congener  
i n f o r m a t i o n  and p ro b le m s  w i t h  i n t e r f e r e n c e s .  However ,  i t  
i s  more c o n v e n i e n t  and l e s s  l a b o u r  i n t e n s i v e  th a n  t h e  
n i c k e l  b o r i d e  method.
5 . 1 . 2 . 4 .  P a t t e r n / p e a k  m a tc h in g  and c h e m o m e t r i c s  i n  PCB
a n a l y s i  s .
W i th  p a t t e r n  m atch in g  a p p r o a c h e s ,  q u a n t i t a t i o n  o f  a PCB 
sam ple  i s  c a r r i e d  o u t  by com par ing  t h e  c h r o m a t o g r a p h ic  
p a t t e r n  o f  t h e  sample  t o  t h a t  produced by a known amount  
o f  a s t a n d a r d  m i x t u r e .  Such methods p r o b a b l y  a c c o u n t  f o r  
t h e  m a j o r i t y  o f  " t o t a l  PCB" a n a l y s e s .  One o f  t h e  o r i g i n a l  
p e a k - m a t c h in g  t y p e s  o f  a n a l y s i s  was d e v is e d  by Webb and 
M cC a l l  -C120}. In  t h e i r  method,  t h e  PCB s t a n d a r d  was 
c h ro m ato g rap h ed  on a p o l y m e t h y l s i  1oxane phase u s in g  
packed column GC. By c a r r y i n g  o u t  e x t e n s i v e  a n a l y s i s  o f  
each p e a k ,  a fo rm  o f  mixed r e s p o n s e  f a c t o r  was c a l c u l a t e d  
f o r  a l l  t h e  c o n g en ers  e l u t i n g  i n  each p ea k .  The peaks i n  
a sam ple  a r e  th e n  q u a n t i f i e d  u s in g  t h e s e  r e s p o n s e  f a c t o r s  
and t h e  " t o t a l  PCB" c o n c e n t r a t i o n  can be c a l c u l a t e d  by 
summing t h e  r e s u l t s  f o r  each p ea k .  T h i s  t y p e  o f  p r o c e d u r e  
has s e v e r a l  draw backs:  F i r s t l y ,  each peak i n  t h e  sample  
may c o n t a i n  a d i f f e r e n t  d i s t r i b u t i o n  o f  con geners
203
compared t o  t h e  s t a n d a r d ,  and so t h e  mass o f  PCB p e r  u n i t  
o f  peak  a r e a  w i l l  toe d i f f e r e n t  i n  sample  and s t a n d a r d .  
S e c o n d l y ,  t h e  p a t t e r n  o f  peaks  p r e s e n t  i n  t h e  sample  and 
s t a n d a r d  may be d i f f e r e n t  and some sam ple  peaks  may, 
u n k n o w i n g l y ,  toe due t o  i n t e r f e r e n c e s  t h a t  have  n o t  been 
removed by t h e  c l e a n - u p .  T h i r d l y ,  when used w i t h  ECD, t h e  
p o o r l y  e l e c t r o n  c a p t u r i n g ,  lo w e r  c h l o r i n a t e d  c o n g e n e r s ,  
may go u n d e t e c t e d .  F o u r t h l y ,  no congener— s p e c i f i c  
i n f o r m a t i o n  i s  o b t a i n e d  and f i n a l l y ,  t h e  r e s u l t  o b t a i n e d  
i s  p r o b a b l y  n o t  c o m p a ra b le  w i t h  t h o s e  o b t a i n e d  by o t h e r  
m ethods .
A s i m i l a r  a p p r o a c h ,  u s in g  c a p i l l a r y  co lum ns ,  was proposed  
by E<ush e t  a i .  -C121>. T h i s  method i s  e s s e n t i a l l y  a 
co n g e n e r  s p e c i f i c  method.  A re s p o n s e  f a c t o r  f o r  each peak  
i s  used f o r  q u a n t i t a t i o n  and s i n c e  most peaks  a r e  due t o  
o n l y  one c o n g e n e r ,  t h e  r e s u l t s  a r e  a lm o s t  c o m p l e t e l y  
s p e c i f i c  f o r  each component .  However ,  where c o n g e n e rs  
c o - e l u t e ,  a mixed r e s p o n s e  f a c t o r  i s  used as w i t h  t h e  
Webb and M cC a l l  method.
An unu su a l  method f o r  PCB d e t e r m i n a t i o n  em ploys c a p i l l a r y  
GC b u t  uses  s e l e c t e d  peaks  t o  r e p r e s e n t  t h e  t o t a l  l e v e l  
o f  PCB c o n t a m i n a t i o n .  E s s e n t i a l l y ,  t h e  method i s  
c o n g e n e r - s p e c i f i c  f o r  a few  c h a r a c t e r i s t i c  components and 
i g n o r e s  t h e  r e s t ,  y e t  i n f o r m a t i o n  r e g a r d i n g  t h e  t o t a l  PCE< 
burden i s  i n f e r r e d  f rom  t h i s  l i m i t e d  amount o f  d a t a .  T h i s  
a pp ro ach  has been a d o p te d  f o r  d e t e r m i n i n g  PCB r e s i d u e s  i n
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■fish -C122>. P r o v i d e d  t h e  p a t t e r n  o f  c o n g e n e rs  i s  f a i r l y  
c o n s t a n t  i n  a l l  s a m p le s ,  t h i s  method c o u ld  be u s e f u l  f o r  
d e t e c t i n g  v a r i a t i o n s  i n  l e v e l s  o f  PCBs, b u t  sh o u ld  t h e  
d i s t r i b u t i o n  o f  c o n g e n e r s  v a r y  f rom  sam ple  t o  s a m p le ,  as  
may w e l l  be t h e  c a s e  i n  b i o l o g i c a l  m a t r i c e s ,  t h e  r e s u l t s  
f ro m  t h i s  t y p e  o f  a n a l y s i s  c o u ld  be v e r y  m i s l e a d i n g .  A 
c o m p a r is o n  o f  t h i s  t y p e  o f  peak m atch in g  method w i t h  a 
f u l l  c o n g e n e r - s p e c i f i c  method has shown t h e  method t o  be 
o n l y  s e m i - q u a n t i t a t i v e  £ 1 2 3 } .
C h em om etr ic  t e c h n i q u e s  have a l s o  been a p p l i e d  t o  PCB
a n a l y s i s  and have  been used t o  a n a l y s e  m i x t u r e s  o f  PCBs
by l e v e l  o f  c h l o r i n a t i o n ,  h a v in g  a l r e a d y  e s t a b l i s h e d  t h e  
e l u t i o n  windows f o r  each isom er  group £ 1 2 4 } .  In  a s i m i l a r  
v e i n ,  p a t t e r n  r e c o g n i t i o n  by a p a r t i a l  l e a s t  s q u a re s  
r e g r e s s i o n  has a l s o  been used t o  q u a n t i f y  PCBs £ 1 2 5 } .  In  
b o th  c a s e s ,  t h e  sam ple  p a t t e r n  i s  f i t t e d  m a t h e m a t i c a l l y  
t o  a c o m b i n a t i o n  o f  known p a t t e r n s  and t h e  f i n a l  r e s u l t  
i s  e x p r e s s e d  as an amount o f  a m i x t u r e  o f  known
components  w h ich  may t h e m s e lv e s  be m i x t u r e s .  The 
t e c h n i q u e s  a r e  u s e f u l  f o r  c l a s s i f y i n g  t h e  component  
m i x t u r e s  ( e . g .  mixed A r o c l o r s )  i n  t h e  sam ple  as  a f a rm  of  
" f i n g e r p r i n t " , a l t h o u g h  i t  must be a p p r e c i a t e d  t h a t  t h e  
c o m b i n a t i o n  o f  m i x t u r e s  as assessed by t h e  d a t a  r e d u c t i o n  
does n o t  n e c e s s a r i l y  i m p l y  t h a t  t h i s  was t h e  p r o f i l e  o f  
t h e  m i x t u r e  when t h e  sam ple  was o r i g i n a l l y  c o n t a m i n a t e d ,  
p a r t i c u l a r l y  i f  t h e  m a t r i x  has been s u b j e c t e d  t o
e n v i r o n m e n t a l  m o d i f i c a t i o n .  F i n g e r p r i n t i n g  may be u s e f u l
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•for i d e n t i f y i n g  t h e  s o u rc e  o-f c o n ta m in a to n  and as  w e l l  as  
t h i s  c h e m o m e tr ic s  c a n ,  o-f c o u r s e ,  be used f o r  
q u a n t i t a t i v e  a n a l y s i s .  Due t o  t h e  e x t e n s i v e  c a l c u l a t i o n s  
t h a t  have  t o  be c a r r i e d  o u t ,  t h e s e  methods have t o  be 
c o m p u t e r i s e d .  V a r i o u s  methods have been d e v is e d  and 
d e p e n d in g  on t h e  app ro ach  used and t h e  c o n d i t i o n s  o f  the* 
d a t a  c o l l e c t i o n  and r e d u c t i o n ,  congener— s p e c i f i c
i n f o r m a t i o n  may o r  may n o t  be p r o v i d e d .
In  c o n c l u s i o n ,  p a t t e r n  m a tc h in g  t y p e s  o f  a n a l y s i s  can be 
u s e f u l  i n  some i n s t a n c e s .  The s i m p le  t y p e s  a r e  p rone  t o  
i n a c c u r a c y ,  p a r t i c u l a r l y  when t h e  sample  p a t t e r n  does no t  
match t h e  s t a n d a r d  p a t t e r n  v e r y  w e l l .  The more complex  
c h e m o m e tr ic  methods can be more i n f o r m a t i v e  and may be 
h e l p f u l  i n  i d e n t i f y i n g  a s o u rc e  o f  p o l l u t i o n ,  b u t  complex  
methods may s t i l l  n o t  p r o v i d e  t h e  c o n g e n e r - s p e c i f i c  
i n f o r m a t i o n  r e q u i r e d  f o r  t a x i c o l o g i c a l  s t u d i e s .
5 . 1 . 2 . 5 .  QCP a n d  c o n g e n e r - s p e c i f  i c PCB ana l y s i s .  Th e o ry
and p r a c t i c e .
D i f f e r e n t  PCB c o n g e n e rs  can have w i d e l y  d i f f e r i n g  
t o x i c o l o g i c a l  p r o f i l e s  -C13> and i n  v ie w  o f  t h i s ,  any  
s t u d y  o f  t h e  t o x i c o l o g i c a l  e f f e c t s  o f  PCE< c o n t a m i n a t i o n  
must be based on a c o n g e n e r - b y - c o n g e n e r  a n a l y s i s .  
F u r t h e r m o r e ,  t h e  o n l y  t r u e  p i c t u r e  o f  t o t a l  PCB 
c o n t a m i n a t i o n  i s  a c o m p le t e  209 con gener  a n a l y s i s .  For  
t h e s e  r e a s o n s ,  t h e  t r e n d  i n  PCB a n a l y s i s  o v e r  t h e  p a s t
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•few years; has been to w a r d s  h ig h  r e s o l u t i o n ,  c o n g e n e r -  
s p e c i f i c  a n a l y s e s .  The p r i n c i p l e  o-f con gener  *-speci *f i  c 
a n a l y s i s  i s  s i m p le  -  each o-f t h e  209 p o s s i b l e  co n g en ers  
i s  t r e a t e d  as an i n d i v i d u a l  a n a l y t e  and i s  q u a n t i - f i e d  as  
such;  t h e  p r a c t i c e  o f  t o t a l  c o n g e n e r - s p e c i f i c  a n a l y s i s ,  
on t h e  o t h e r  hand,  i s  q u i t e  f o r m i d a b l e .
E v i d e n t l y ,  cong ener  - s p e c  i f  i c a n a l y s i s  demands t h e  use of  
c a p i l l a r y  GC. Packed GC columns a r e  u n a b le  t o  d e l i v e r  
s u f f i c i e n t  r e s o l u t i o n  f o r  c o n g e n e r - s p e c i f i c  work .  Packed  
colum ns h ave t  h e i  r  p 1 ace  i n  p a 1 1 e r  n mat c h i n g ,
p e r c h l o r i n a t i o n  or  d e c h l o r i n a t i o n  methods b u t  as  has  
a l r e a d y  been p o i n t e d  o u t ,  t h e s e  methods possess  m ajor  
d ra w b ack s  and a r e  o f  l i m i t e d  u se .  W i th  m u l t i - r e s i d u e  OCR 
a n a l y s i s ,  packed column GC a n a l y s i s  o f t e n  n e c e s s i t a t e s  
t h e  f r a c t i o n a t i o n  o f  t h e  s a m p le ,  u s u a l l y  by a d s o r p t i o n  
c h r o m a t o g r a p h y , so t h e  sam ple  has t o  be a n a ly s e d  ove r  
many i n j e c t i o n s .  A f i n a l  l i m i t a t i o n  t o  packed column work  
i s  t h e  i n c r e a s e  i n  t h e  l i m i t  o f  d e t e c t i o n  due t o  t h e  
r e l a t i v e  b ro a d n e s s  o f  t h e  p e a k s .  The o n l y  r e a l  a d v a n ta g e  
o f  packed  columns i s  t h e i r  r o b u s t n e s s .
The c h o i c e  o f  d e t e c t o r  d e t e r m i n e s  t h e  way a c o n g e n e r -  
s p e c i f i c ,  m u l t i - r e s i d u e  a n a l y s i s  w i l l  be im p le m e n te d .  
W ith  v e r y  low l e v e l s  o f  o r g a n o c h l o r i n e  a n a l y t e s ,  o n l y  
t h r e e  d e t e c t o r s  o f f e r  t h e  s e n s i t i v i t y  r e q u i r e d  f o r  
r o u t i n e  use ;  t h e  e l e c t r o n  c a p t u r e  d e t e c t o r  (E C D ) , t h e  
H a l l  e l e c t r o l y t i c  c o n d u c t i v i t y  d e t e c t o r  (HECD) and t h e
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mass s p e c t r o m e t e r  ( M S ) .
The ECD i s  v e r y  w i d e l y  used -for o rg a n o h a lo g e n  r e s i d u e  
work and i s  s i m p l e  and r o b u s t .  I t  i s  g e n e r a l l y  r e g a r d e d  
as  b e i n g  o n l y  s e m i - s e l e c t i v e  i n  t h a t  i t  d e t e c t s  some 
t y p e s  o-f compounds ( e l e c t r o n  c a p t u r i n g  s u b s ta n c e s )  b e t t e r  
t h a n  o t h e r s  and as a r e s u l t ,  i t  w i l l  n o t  t o l e r a t e  " d i r t y "  
s a m p le s  as a r e  o-f t e n  e n c o u n t e r e d  i n  e n v i r o n m e n t a l  work ,  
A n o th e r  p ro b le m  i s  t h e  v e r y  w ide  v a r i a t i o n  i n  re s p o n s e  
■ fa c to rs  betw een s i m i l a r  compounds and amongst t h e  F'CBs, 
■for exa m p le  w i t h  a modern ECD t h e  re s p o n s e  - f a c t o r s  -for 
PCBs v a r y  o v e r  two o r d e r s  o-f m a g n i tu d e  -C463-. 
C o n s e q u e n t l y ,  w id e  d i f f e r e n c e s  i n  l i m i t s  o-f d e t e c t i o n  a r e  
o b s e r v e d  f o r  d i f f e r e n t  PCB c o n g e n e r s .
The HECD i s  a more a p p r o p r i a t e  d e t e c t o r  s i n c e  i t  can be 
made v e r y  s e l e c t i v e  f o r  c h l o r i n a t e d  compounds and 
r e s p o n s e  v a r i e s  l i n e a r l y  w i t h  c h l o r i n e  c o n t e n t  -C126>. 
C o n s e q u e n t l y ,  t h e  HECD i s  a b l e  t o  t o l e r a t e  l e s s  c l e a n  
s am p le s  and g i v e s  a p r e d i c t a b l e  r a n g e  o f  r e s p o n s e  f a c t o r s  
w hich  v a r y  o v e r  o n l y  one o r d e r  o f  m a g n i tu d e .
W i th  b o th  t h e  ECD and t h e  HECD, a l l  compounds a r e  
d e t e c t e d  on one c h r o m a t o g r a p h ic  t r a c e .  T h i s  means t h a t  
e i t h e r  t h e  GC s e p a r a t i o n  has  t o  be e x t r e m e l y  e f f i c i e n t ,  
or  t h e  sam ple  has t o  be f r a c t i o n a t e d . When d e t e c t i n g  GCPs 
and PCBs u s in g  t h e s e  d e t e c t o r s ,  some f r a c t i o n a t i o n  i s  
i n e v i t a b l e  s i n c e  t h e  e f f i c i e n G y  r e q u i r e d  f o r  s e p a r a t i n g
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a l l  the? OCRs and t h e  PCBs i n  one run  i s  n o t  r o u t i n e l y
a v a i l a b l e .  H o w ever ,  i t  i s  p o s s i b l e  t o  c o m p l e t e l y  s e p a r a t e  
v i r t u a l l y  a l l  209  PCBs f ro m  each o t h e r  -C39, 4 6 }  and t h i s  
i s  a c h i e v e d  by u s in g  a l o n g ,  n o n - p o l a r  column such as a 
60 m SE--54,  and h yd ro gen  as c a r r i e r  gas .  The aim i s  t o  
d e v e lo p  as much column e f f i c i e n c y  as p o s s i b l e .  S t a t i o n a r y  
phase s e l e c t i v i t y  i s  o f  no use w i t h  such a l a r g e  number  
of  a n a l y t e s  s i n c e  a s e l e c t i v e  column would m e r e ly  a l t e r  
t h e  e l u t i o n  o r d e r  b u t  would n o t  s i m p l i f y  t h e  
ch ro m ato g ram .
The mass s p e c t r o m e t e r  has s e v e r a l  a d v a n ta g e s  o v e r  t h e  ECD 
and HECD as  a d e t e c t o r  by v i r t u e  o f  i t s  a b i l i t y  t o  
d i s t i n g u i s h  betw een  compounds w i t h  d i f f e r e n t  mass 
s p e c t r a .  GC-MS can be r e g a r d e d  as a t w o - d i m e n s i o n a l  
t e c h n i q u e  w i t h  a c h r o m a t o g r a p h ic  d im e n s io n  and a mass 
s p e c t r o m e t r i c  d im e n s io n  r u n n i n g  a t  r i g h t  a n g le s  such t h a t  
mass s p e c t r o m e t r i c  " s l i c e s "  t h r o u g h  t h e  chrom atogram  a r e  
o b t a i n e d .  Each m/z v a l u e  i n  t h e  mass s p e c t r o m e t r i c  
d im e n s io n  can be r e g a r d e d  as an i n d i v i d u a l  d e t e c t o r
c h a n n e l  and so compounds which g i v e  i o n s  a t  d i f f e r e n t  m/z
v a l u e s  can be d i s t i n g u i s h e d  by t h e  MS even i f  t h e y  c o ­
e l u t e  c h r o m a t o g r a p h i c a l l y .  T h i s  i m m e d i a t e l y  a l l o w s  t h e  
□CPs t o  be d i s t i n g u i s h e d  f ro m  t h e  PCBs so t h a t  GCPs and 
PCBs do n o t  have  t o  be s e p a r a t e d  by f r a c t i o n a t i o n  p r i o r  
t o  GC-MS. U s in g  70 eV e l e c t r o n  im p a c t  MS ( E I M S ) , a 
p ro b le m  d o e s ,  h o w e v e r ,  a r i s e  w i t h  t h e  PCBs. EIMS can n o t  
e a s i l y  d i s t i n g u i s h  be tw een  PCBs w i t h  t h e  same number o f
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c h l o r i n e s  ( i . e .  i so m ers )  o r  between PCBs d i f f e r i n g  by two  
c h l o r i n e s  •[ 127> 5 i n  t h e  l a t t e r  c a s e ,  t h e  h i g h e r  
c h l o r i n a t e d  congener  can be q u a n t i f i e d  i n d e p e n d e n t l y  o f  
t h e  lo w e r  bu t  n o t  v i c e - v e r s a .  T h e re  i s  a l s o  a p rob lem  of  
i n t e r f e r e n c e  when t h e  a n a l y t e  c o n t a i n s ,  s a y ,  n c h l o r i n e s  
and a c o - e l u t i n g  con gener  c o n t a i n s  (n+ l>  c h l o r i n e s  w i t h  a 
2 , 2 ' - c h l o r o -  s u b s t i t u t i o n  p a t t e r n ;  t h i s  a r i s e s  because  of  
t h e  i n c r e a s e d  abundance o f  t h e  CM-C1 - 3"" f r a g m e n t  in  
2 , 2 ' - c h i  o r a -  PCBs. I n s p e c t i o n  a f  t h e  70eV E l  mass 
s p e c t ru m  o f  PCB 97 (see  Appendix  1) i l l u s t r a t e s  t h i s .  
O th e r  i n t e r - c o n g e n e r  i n t e r f e r e n c e s  can occ u r  such as  
betw een  c o n g en ers  d i f f e r i n g  by one c h l o r i n e  o r  between a 
l o w e r  c h l o r i n a t e d  con gener  and a low i n t e n s i t y  f r a g m e n t  
i o n  f ro m  a much h i g h e r  c h l o r i n a t e d  compound, b u t  t h e s e  
i n t e r f e r e n c e s  a r e  of  a low o r d e r  and t h e  i n t e r f e r i n g  
compound would have t o  be p r e s e n t  i n  c o n s i d e r a b l e  exc ess  
o v e r  t h e  a n a l y t e .  The p o t e n t i a l  f o r  i n t e r - c o n g e n e r  
i n t e r f e r e n c e  can be assessed  by i n s p e c t i o n  o f  t h e  
r e l e v a n t  mass s p e c t r a .  As an e x a m p le ,  t h e  70eV E l  mass 
s p e c t r a  o f  two h e x a c h l o r o -  and one p e n t a c h l o r o b i p h e n y l  
can be seen i n  F i g u r e  2 8 .  The t h r e e  p r i m a r y  r e s u l t s  o f  
t h i s  i n c r e a s e d  s e l e c t i v i t y  a r e  f i r s t l y  t h a t  t h e  DCPs do 
n o t  have  t o  be s e p a r a t e d  f ro m  t h e  PCBs. S e c o n d ly ,  o n l y  
PCBs which i n t e r f e r e  i n  t h e  mass s p e c t r o m e t r i c  d im en s io n  
have t o  be r e s o l v e d  c h r o m a t o g r a p h i c a l 1y . T h i r d l y ,  MS i s  
v e r y  s e l e c t i v e  a g a i n s t  o t h e r  i n t e r f e r e n c e s  and so can 
t o l e r a t e  r e l a t i v e l y  d i r t y  s am p les .  F u r t h e r m o r e ,  GC-EIMS 











o f  m a g n i tu d e  -C1283- g i v i n g  a more even sp rea d  o f  l i m i t s  o f  
d e t e c t i  o n .
Due t o  t h e  s e l e c t i v i t y  o f  t h e  mass s p e c t r o m e t e r  as  a 
d e t e c t o r ,  i t s  a b i l i t y  t o  d i s t i n g u i s h  DCF’s f ro m  PCBs and 
t o  d i f f e r e n t i a t e  be tw een  g ro u p s  o f  PCB c o n g e n e r s ,  t h e  
c a p i l l a r y  column used f o r  t h e  GC does n o t  have  t o  
s e p a r a t e  a l l  t h e  a n a l y t e s  b u t  m e r e ly  has t o  s e p a r a t e  
a n a l y t e s  which do n o t  have  d i s t i n g u i s h a b l e  i o n s .  On non­
p o l a r  p h a s e s ,  PCEts te n d  t o  e l u t e  i n  t i g h t  c l u s t e r s
a c c o r d i n g  t o  t h e  l e v e l  o f  c h l o r i n a t i o n  w i t h  t h e  lo w e r  
ch 1 o r  i  n a te d  i somers e 1 u t  i ng e a r  1 i  e s t  -C129> . Th i s 
c l u s t e r i n g  o f  compounds w i t h  v i r t u a l l y  i d e n t i c a l  mass 
s p e c t r a  means t h a t  i n t e r f e r e n c e  i s  v e r y  l i k e l y .  For  t h i s  
r e a s o n ,  t h e r e  i s  scope  f o r  e m p lo y in g  s e l e c t i v e  phases  
when u s in g  EIMS as t h e  d e t e c t i o n  mode i n  o r d e r  t o  s c a t t e r  
i s o m e r s  and reduce? t h e  l i k e l i h o o d  o f  s e r i o u s  
i n t e r f e r e n c e .  The re d u c e d  r e q u i r e m e n t  f o r  p u r e  e f f i c i e n c y  
a l s o  means t h a t  s h o r t e r  co lumns can be u s e d ,  hence
r e d u c i n g  t o t a l  a n a l y s i s  t i m e .  Of course?, t h e  r i g h t  s o r t  
of  s e l e c t i v i t y  has t o  be? e?mployed. I t  w i l l  be seen t h a t  
pol  y t r  i f  1 uor  op r o p y  1 s i  1 ox anes are? u s e f u l  i n  t h i s  c o n t e x t  
and m ix in g  phases can be? a ve?ry powe?rful means o f  t u n i n g  
s e l e c t i v i t y  { 1 3 0 } .  The te?chnique? o f  window d iagram m in g  
{ 1 3 1 ,  1321 p r o v i d e s  an e x c e l l e n t  g u id e  as t o  t h e
p r o p o r t i o n s  o f  s t a t i o n a r y  phases  t o  be? com bined .  I n d e e d ,  
phases  need no t  be p h y s i c a l l y  mixe?d and c o a te d  i n t o  one 
co lum n,  b u t  co lumns o f  the? d i f f e r e n t  phases  can be
2 1 2
c o u p le d  i n  s e r i e s  t o  a c h i e v e  t h e  same r e s u l t  { 1 3 3 } .  O th e r  
•forms o-f s e l e c t i v i t y  t u n i n g  such as d i f f e r e n t i a l  p r e s s u r e  
or  t e m p e r a t u r e  c o n t r o l  i n  s e q u e n t i a l l y  c o u p le d  columns  
{ 1 3 0 }  o f f e r  v e r y  f i n e  c o n t r o l  o v e r  s e l e c t i v i t y  b u t  a r e  
p r o b a b l y  t o o  s p e c i a l i s e d  f o r  r o u t i n e  a p p l i c a t i o n  and in  
many i n s t a n c e s ,  may n o t  be n e c e s s a r y .
An e x c i t i n g  d e v e lo p m e n t  i n  s t a t i o n a r y  phase t e c h n o lo g y  
o v e r  t h e  p a s t  few  y e a r s  has been t h e  emergence o f  l i q u i d  
c r y s t a l l i n e  pha ses  {1343-.  The phases a r e  v e r y  s e l e c t i v e  
f o r  p o s i t i o n a l  i s o m e rs  and m o l e c u l a r  g e o m e t r y ,  
p a r t i c u l a r l y  l e n g t h - t o - b r e a d t h  r a t i o ,  e x e r t s  a m a jo r  
i n f l u e n c e  o v e r  t h e  r e t e n t i o n  o f  PCBs by t h e s e  t y p e s  o f  
phases  { 1 3 5 } .  T h i s  i s  e s p e c i a l l y  u s e f u l  f o r  GC-MS methods  
s i n c e  i t  i s  p o s i t i o n a l  i s o m e rs  which pose t h e  most  
s e r i o u s  i n t e r f e r e n c e  p r o b le m s .
A u n i q u e  a d v a n t a g e  o f  e m p lo y in g  MS as t h e  d e t e c t i o n  mode 
i s  o f f e r e d  by t h e  use o f  i s o t o p i c a l l y  l a b e l l e d  r e c o v e r y  
s t a n d a r d s .  I s o t o p i c a l l y  l a b e l l e d  a n a lo g u e s  o f  t h e
a n a l y t e s  r e p r e s e n t  p e r f e c t  r e c o v e r y  s t a n d a r d s  s i n c e  t h e  
p h y s i  c a 1 and c h e m ic a l  p rop  e r  t  i es a r  e essen t  i a 1 1 y
i d e n t i c a l  t o  t h o s e  o f  t h e  a n a l y t e .
I t  w i l l  be a p p r e c i a t e d  t h a t  t h e r e  a r e  s e v e r a l  modes of  
o p e r a t i o n  o f  MS as a GC d e t e c t o r  { 1 3 6 }  such as p o s i t i v e  
■£137} o r  n e g a t i v e  { 1 3 8 }  c h e m ic a l  i o n i z a t i o n ,  p u ls e d  
p o s i t i v e  io n  n e g a t i v e  io n  c h e m ic a l  i o n i z a t i o n  ( P P I N I C I )
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■C 1 3 9 y as . wel 1 as t h e  mor e commori e 1 ec t  r  on i mpac t  ( E I ) 
mode. Any o f  t h e s e  modes may be used w i t h  d i f  f  e r  en t  
5 c a n n i n g t  e c h n i q u e s e u c h a s - f u l l  s c a n C 1.4 0 > , 1 i m i t  e d s c a n 
•C141}  or  se 1 e c t e d  io n  mani t o r i n g  -C142} . The d.i v e r s i  t y  o f  
G C M S t  e c h n i c:| u e s i n c 1 u d in g  d i s c u s s i o n s a f  t  h e i r  
a d v a n t a g e s  and d i s a d v a n t a g e s ,  a r e  v e r y  w e l l  documented in  
t h e  l i t e r a t u r e  -Cl3 6 } .  A n o t a b l e  a d v a n t a g e  o f  ch e m ic a l  
i o n i z  a t  i o n t  e c hi n i  q u e s i s  t  h e i n c r  e a s e i n s e n s i t  i v i t  y ove r  
E 1 MS f  o r  many compounds. For  ex amp1e , t h e  
d i m e t  hi a n o n a p hi t  h a 1 e n e G C P s f  r  a g m e n t  h e a v i l y  u n d e r  IE IM S b u t  
u s i  n g GIM S , f  r  a g m e n t  a t  io n  i s m a r  k e d 1 y r  e d u c e cl 1 14 3 } t  hi u s 
e f f e c t i v e l y  c o n c e n t r a t i n g  t h e  io n  c u r r e n t  i n  f e w e r  io n s  
w h i c h i n t  u r  n r e s u l t  s i n i  n c r  e a s e d s e n s i t  i v i t  y .
A m a jo r  drawback o f  a t t e m p t i n g  t o  q u a n t i f y  209  RGB 
c o n g e n e rs  p l u s  a v a r i e t y  o f  OCRs i s  t h e  a p p a r e n t  need f o r  
a p u r e  sample  o f  each a n a l y t e  f o r  use as a s t a n d a r d .  The 
s i t  u a t  io n  i s f  u r  t  h e r  c: o m p 1 i  c a t  e d b y t  hi e d i f  f  i c u 11 y i n 
o b t  a i n i n g p u r  e s a m p 1 e s o f  t  h e m a j  o r  i t  y c:i f  P C B c o n g e n e r  s 
and i t  may w e l l  become n e c e s s a r y  t o  s y n t h e s i s e  s t a n d a r d s  
in - 'h o u s e .  A u s e f u l  way o f  a v o i d i n g  t h i s  p ro b le m  i s  t o  use  
s u r r o g a t e  s t a n d a r d s .  The i d e a  b e h in d  t h i s  app ro ach  i s  
t h a t  RGB co n g en ers  a r e  grouped t o g e t h e r  i n t o  s e t s  such 
t  h a t  t  hi e r  e s p o n s e f  a c t  (a r  s f  o r  e a c: h c a n g e n e r  w i t  h i n a s e t  
a r e  as s i m i l a r  a s p o s s i b 1 e . T h e c o n g e n e r  i n e a c hi s e t  
whi ch possesses  a r e s p o n s e  f  a c t o r  n e a r e s t  t o  thie a v e r a g e  
re s p o n s e  f a c t o r  i s  then  chosen as b e in g  r e p r e s e n t a t i v e  of  
e v e r y  c on g en e r  w i t  h i n t  h a t  s e t . Th i s  r  ep r  esen t  a t  i ve
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c o n g e n e r  i s  t h e  s u r r o g a t e  o r  s e c o n d a ry  s t a n d a r d  t o r  t h e  
s e t .  Each i n d i v i d u a l  RGB congener  i s  th e n  q u a n t i t i e d  
u s in g  t h e  s u r r o g a t e  s t a n d a r d  -from i t s  s e t .  T h i s  approach  
has been used t o r  RGB q u a n t i t a t i o n  u s in g  bo th  ECD ti443-  
and MS d e t e c t o r s  -C145>. W ith  EGD d e t e c t i o n ,  t h e  s i t u a t i o n  
i s  c o m p l i c a t e d  by t h e  w id e  r a n g e  o-f r e s p o n s e  t a c t o r s  seen  
amongst  t h e  d i t t e r e n t  c o n g e n e rs  and t h i s  means t h a t  t h e r e  
w i l l  be many s e t s  c o n t a i n i n g  o n l y  a tew c o n g e n e rs  i t  t h e  
s u r r o g a t e  i s  t o  be a c c e p t a b l y  r e p r e s e n t a t i v e .  In  t h e  work  
a t  Cooper a t  a l . { 1 4 4 } ,  an EGD method w i t h  31 s u r r o g a t e  
s t a n d a r d s  was employed t o r  c o n g e n e r - s p e c i t i c  a n a l y s i s .
U s in g  mass s p e c t r o m e t r y  as t h e  d e t e c t i o n  mode, t h e  
s i t u a t i o n  i s  s i m p l i t i e d  c o n s i d e r a b l y  s i n c e  t h e  r a n g e  ot  
r e s p o n s e  t a c t o r s  i s  much n a r r o w e r  and c o n g e n e rs  t a l l  
n a t u r a l l y  i n t o  s e t s  o t  c o n g e n e rs  w i t h  d i t t e r e n t  numbers  
o t  c h l o r i n e s  w i t h i n  which r e s p o n s e  t a c t o r s  a r e  v e r y  
s i m i l a r .  Hence,  SI i von a t  a l .  -C145> made use o t  o n l y  n i n e  
s u r r o g a t e  s t a n d a r d s  t o  q u a n t i t y  i n d i v i d u a l  RGB co n g en ers  
by GC-MS.
5 .  1 . 2 . 6 .  Chroma t o q r a phi  c c ond i  t i ons   t o r  OCR  and
c on gener— s p e c i  t  i c RGB a n a l y s i s .
The c h o i c e  o t  s t a t i o n a r y  phase and d e t e c t o r  have a l r e a d y  
been d i s c u s s e d .  The t h r e e  r e m a i n in g  t a c t o r s  i n v o l v e d  in  
t h e  c o n s t r u c t i o n  o t  a c a p i l l a r y  GC method a r e  t h e  c h o ic e  
o t  c a r r i e r  g as ,  t h e  i n j e c t i o n  mode and t h e  column s i z e
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and f  i  1 m t h i  c::kness.
For  h ig h  r e s o l u t i o n  m u l t i - a n a l y t e  w ork ,  hydrogen i s  t h e  
c a r r i e r  gas erf c h o ic e  -C146J. Hydrogen e x h i b i t s  a s h a l l o w  
van Deemter  c u r v e  and t h i s  means t h a t  e f f i c i e n t  
s e p a r a t i o n  i s  m a i n t a i n e d  t h r o u g h o u t  a g r e a t e r  l e n g t h  o f  
t h e  column and a l s o  o v e r  a w id e r  span o f  t e m p e r a t u r e  
d u r i n g  a programmed run  th a n  w i t h  any o t h e r  g as .  Hydrogen  
a l s o  d e v e lo p s  more p l a t e s  p e r  u n i t  t i m e  th a n  any o t h e r  
c a r r i e r  gas which means t h a t  a n a l y s i s  t im e s  a r e  
m i n im i s e d .  H e l iu m  r e p r e s e n t s  an a c c e p t a b l e  a l t e r n a t i v e  
bu t  s h o u ld  be r e j e c t e d  i n  f a v o u r  o f  hydrogen whenever  
po s s i  b l e .
W ith  r e g a r d  t o  i n j e c t i o n  mode, t h e r e  a r e  a number o f  
t e c h n i q u e s  a v a i l a b l e  f o r  use w i t h  c a p i l l a r y  columns  
i n c l u d i n g  s p l i t ,  s p l i t l e s s ,  on -co lum n and program m able  
t e m p e r a t u r e  v a p o r i s a t i o n  <PTV) .
S p l i t  i n j e c t i o n  i n v o l v e s  d i s c a r d i n g  a l a r g e  p r o p o r t i o n  o f  
t h e  i n j e c t e d  m a t e r i a l  which i n e v i t a b l y  r a i s e s  t h e  l i m i t  
of  d e t e c t i o n .  T h i s  a l o n e  i s  s u f f i c i e n t  reas o n  f o r  
r e j e c t i n g  t h i s  t e c h n i q u e  s i n c e  low l i m i t s  o f  d e t e c t i o n  
a r e  a p r i m a r y  r e q u i r e m e n t  f o r  r e s i d u e  a n a l y s i s .  
D i s c r i m i n a t i o n  between a n a l y t e s  may a l s o  be a p ro b lem .
S p l i t l e s s  i n j e c t i o n  i s  commonly used i n  r e s i d u e  a n a l y s i s  
s i n c e  most o f  t h e  i n j e c t e d  m a t e r i a l  r e a c h e s  t h e  column.
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C h o ic e  o-f t e m p e r a t u r e ,  s o l v e n t  and i n j e c t i o n  volume a r e  
c r i t i c a l ,  how eve r ,  s i n c e  t h e  a b i l i t y  o-f t h e  s o l v e n t  t o  
wet t h e  s t a t i o n a r y  phase and t h e  l e n g t h  o-f column over
which  t h e  sample  s p r e a d s  (band b r o a d e n in g  i n  space* £1473-)
p l a y  a c e n t r a l  r o l e  i n  e s t a b l i s h i n g  good peak shape and 
hence  r e s o l u t i o n .  L a r g e  i n j e c t i o n  vo lumes a r e  d e s i r a b l e  
•from t h e  p o i n t  o-f v ie w  o-f s e n s i t i v i t y  b u t  u n t i l  r e c e n t l y ,  
l a r g e  i n j e c t i o n  vo lumes were  n o t  g e n e r a l l y  used w i t h
s p l i t l e s s  i n j e c t i o n  because  o-f t h e  d i f f i c u l t y  in  a v o i d i n g  
band b r o a d e n in g  and a l s o  t h e  p o s s i b i l i t y  o f  damaging or  
c o n t a m i n a t i n g  t h e  s t a t i o n a r y  phase .  Co ld  t r a p p i n g  of  
s o l u t e s  i s  one way o f  a c h i e v i n g  l a r g e  i n j e c t i o n  vo lum es ,  
b u t  a s i m p l e  and v e r y  e l e g a n t  a l t e r n a t i v e  i s  t o  use a 
r e t e n t i o n  gap as proposed by Grob £1473-. T h i s  n o t  o n l y
s e r v e s  as a guard  column b u t  a l s o  p e r m i t s  r e -  
c o n c e n t r a t i o n  o f  t h e  s o l u t e s  a t  t h e  i n l e t  o f  t h e  c o a te d  
p a r t  o f  t h e  column w h i l e  t h e  s o l v e n t  e v a p o r a t e s .  These  
a d v a n t a g e s  sh o u ld  make t h e  r e t e n t i o n  gap a r o u t i n e  d e v i c e  
f o r  s p l i t l e s s  i n j e c t i o n s .  D i s c r i m i n a t i o n  and t h e r m a l  
d e c o m p o s i t io n  can be a p ro b lem  w i t h  s p l i t l e s s  i n j e c t i o n s .
Gn-column i n j e c t i o n  i s  a w i d e l y  used t e c h n i q u e  and may be 
im p lem en ted  i n  a v a r i e t y  o f  ways. Peak shape i s  g e n e r a l l y  
e x c e l l e n t  and d i s c r i m i n a t i o n  i s  n o t  u s u a l l y  a p rob lem  
p r o v i d i n g  t h e  i n j e c t o r  d e s ig n  i s  s a t i s f a c t o r y .  
I n t e r e s t i n g l y ,  T u i n s t r a  e t  a l .  £1483- found no s i g n i f i c a n t  
d i f f e r e n c e  between t h e  r e s u l t s  o b t a i n e d  u s in g  s p l i t l e s s  
and on-co lum n i n j e c t i o n  f o r  t h e  a n a l y s i s  o f  PCBs.
217
T h e p r  o g r  a m m a b 1 e t  e m p e r  a t  u r  e v a p o r  i z e r  ( P T V ) i n j  e c t  i o n 
sys tem  g f f e r s  an e f - f e e t . i v e  form  of  i n .j e c t . in g  a samp 1 e by 
e v a p o r  a t  i  n g t  h e s □ 1 v 0 n t  b e f  o r  e v o 1 a t  i 1 i s i n g t. h 0 s o 1 u 1 0 s » 
Di c r  i mi n a t  i a n i s v i  r t u a l l y  e l  i mi n a 1 0d and 1h 0 t 0chn i  qu0
0 )■{ |") a s 0 s t  h 0 r  fin a 13. y l a  b i 10 s u b s t  a n c 0 s t  o t  h 0 m :i. n i rn u m o f  
t  h 0 r  m a 1 s h o c k . P IV  i n j e c t i o n  i s  a power f  u 1 t e c  h n i q u 0 b u t
1 s p r  cdb a b l y  o f  1 i  1 t 10 a d v a n t  ag 0 f  o r  □ CP and PCB war k .
Th0 - f i n a l  c o n s i d 0r a t i o n  i s  t h a t  cd-f column d im0n s i o n s . 
E s s e n t i a l l y ,  t h i s  d e c i s i o n  r e q u i r e s  a compromise between  
0 -f -f i c i 0n c y , ana 1 y s i  s t  i m0 and r o b u s t n 0s s . Nar r  cdw bcdr0 , 
t h i n  - f i lm  co 1 umns o f  f  e r  h i gh e-f f  i c i en c y and sh or  t e r  
a n a l  y s i  s t im e s  b u t  a r 0 1 0 ss r o b u s t ■ Lcdng ccd 1 umns i n c r e a s 0 
0 f  f i c i e n c y  a 11 h o u g h v e r y  1 cd n g c o l  u m n s c a n n o t  b 0 
e f f e c t i v e l y  op t  i mi sed o v e r  t  h 0 i r  wh o 10 long  t  h , even wh en 
us i n g hydrogen c a r r i e r  g a s , and a n a l y s i s  t  i me i s 
prcd 1 cdng0d . The f  i na 1 chcdi c 0 cdf co 1 umn d0p0nds v 0r y  much 
on t h 0 app 1 i c a t  i o n .
^  1 n v 0 s t  i g a t  i on s i n t o  t  h 0 Q u an t 11 a t  i v 0
D01 0 r  m 1 n a t  i cdn of  Qr g an c d c  h 1 o r  i n 0 Res i dues .
I n i  t  i  a 1 s t u d i  es w er0 d i r e c t e d  a t  t h 0 i n v e s t  i g a t  i  on o f  t h 0 
c a t  a 1y t  i c r 0duc t  i on o f  PCBs wi t h  a v i 0 w t o  q u a n t i  f  y i ng 
111 o t a 1 PCBs'1 as a s i n g 1e sub s t  anee ( b i p h 0n y 1 ) .  Th i s 1 i n 0 
of  0xp 0 r  i m0n t  a t  i on was q u i c k l y  aban d on0 d an d a 11 
s u b s 0 q u 0 n t  w or  k w as a i m0d a t  us i n g c ap i 11 a r  y GC-ECD an d 
G C- M S f o r  c ong0n0 r— sp 0c i  f i  c PCB a n a 1y s i s  w i th
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s i  mu11an eous d e t e r  m i n a t  io n  o f  s e l e c t  ed OCRs.
5 . 2 . 1 .  Ca t a l y t i c  h yd rod  ec h 1 or  i n a t  i on o f  PCBs us i  n g n i  ck e 1 
b o r i d e -
The h y d r o d e c h l o r i n a t i o n  method o-f D e n n is  and Cooper  £114}  
was employed whereby a p r e c i p i t a t e  o-f n i c k e l  b o r i d e  i s  
produ ced  in  s i t u  a c c o r d in g  t o  t h e  r e a c t  i on s
9HsaO + 2Ni Cl ^ + 4NaBH,q. ---- > 1 2 . 5 H K + 4NaCl + 3 H3 BO* + N i a B
A l l  e x p e r im e n t s  were co n d u c ted  u s in g  PCBs; GCPs were no t  
i n v e s t i g a t e d .  However ,  D e n n is  and Cooper lo o k e d  a t  OCPs 
•Cl 14 ,  149 ,  ISO, 151}  and -found t h a t  a m i x t u r e  o-f
p a r t i a l l y  d e c h l o r i n a t e d  p r o d u c t s  was o b t a i n e d  -for most 
OCPs. The same w o r k e r s  a l s o  c la im e d  t h a t  A r o c l o r  1254  
u n d e rw e n t  977. c o n v e r s i o n  t o  b i p h e n y l  u s in g  t h i s  t e c h n i q u e  
£152}  b u t  Kennedy a t  a I . £116}  found t h a t  t h e  c o n v e r s i o n
o f  PCBs u s in g  t h i s  ap p ro ach  was somewhat l e s s  e f f i c i e n t  
th a n  had been e x p e c t e d .
A s e r i e s  o f  f i f t e e n  e x p e r i m e n t s  on t h e  n i c k e l  b o r i d e  
r e d u c t i o n  o f  PCBs was c a r r i e d  o u t  and t h e s e  a r e  d e s c r i b e d  
i n  d e t a i l  i n  r e f e r e n c e  £ 1 1 5 } .  The r e s u l t s  showed t h a t  
c o n v e r s i o n  o f  PCBs t o  b i p h e n y l  was n o t  q u a n t i t a t i v e  and 
t h e  d e g re e  o f  c o n v e r s i o n  became worse t h e  h i g h e r  t h e  
l e v e l  o f  c h l o r i n a t i o n  o f  t h e  o r i g i n a l  PCBs. T h i s  in  
i t s e l f  was su-f f  i c i en t  cause  t o  r  e j  ec t  t  h e met hod,  b u t
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o t h e r  p r o b le m s  were a l s o  noteds
i )  B i p h e n y l  i s  a v o l a t i l e  m a t e r i a l  and i s  e a s i l y  l o s t .
i i )  B i p h e n y l  has poor  e l e c t r o n - c a p t u r i n g  p r o p e r t i e s  and 
has  a h ig h  l i m i t  o-f d e t e c t i o n  u s in g  GC-ECD. As a r e s u l t ,  
o t h e r  l e s s  s e n s i t i v e  d e t e c t o r s  have t o  be used and t h e  
l i m i t  o f  d e t e c t i o n  i s ,  t h e r e f o r e ,  poor  d e s p i t e  
" c o n c e n t r a t i n g "  a l l  t h e  PCBs i n t o  one pea k .
i i i )  B i p h e n y l  i t s e l f  i s  an e n v i r o n m e n t a l  c o n ta m in a n t  and 
may i n t e r f e r e  w i t h  t h e  d e t e r m i n a t i o n  o f  PCBs ( a l t h o u g h  
one would  n o t  e x p e c t  t o  d e t e c t  b i p h e n y l  i n  human m i l k ) .
i v )  The r e d u c t i o n  r e a c t i o n  i s  s e n s i t i v e  t o  changes in  
r e a c t i o n  c o n d i t i o n s .
F or  t h e s e  r e a s o n s ,  t h e  method was n o t  c o n s id e r e d  f u r t h e r .
5 . 2 . 2 .  LO.y5". .^t.i51 .^t..L9 „Q.s i n t o  t h e  WCQT c ap i  11 a r y  gas
c h r o m a to g r a p h y  of  PCBs and OCPs.
A number o f  c h o i c e s  have t o  be made r e g a r d i n g  t h e  
o p e r a t i o n  o f  a c a p i l l a r y  GC method i n c l u d i n g  i n t e r n a l  
s t a n d a r d  s e l e c t i o n ,  i n j e c t i o n  mode, d e t e c t o r  c h o i c e ,  
c a r r i e r  g a s ,  column t y p e  and t e m p e r a t u r e  p rogram .
5 . 2 . 2 . 1 .  I n t e r n a l  s t a n d a r d c h o i c e .
The i n t e r n a l  s t a n d a r d  c h o i c e  f o r  a l l  GC-ECD and GC-MS 
a n a l y s e s  was 4 , 4 ' - d i b r o m o b i p h e n y l . T h i s  was s e l e c t e d  f o r
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t h r e e  r e a s o n s :  < i )  i t  e l u t e s  in  a c o n v e n i e n t  p o s i t i o n
( a p p r o x i m a t e l y  m id -w ay)  i n  t h e  chrom atogram  -for PCB/OPC 
a n a l y s e s ,  ( i i )  i t  i s  e l e c t r o n - c a p t u r i n g  and ( i i i )  i t  has  
a h i g h ,  even mass base peak under  70 eV EIMS and a 
c h a r a c t e r i s t i c  mass s p e c t r u m .  B r o m o b ip h e n y ls  have no t  
been used e x t e n s i v e l y  i n  t h e  U .K .  and so 4 , 4 ' -  
d i b r o m o b i p h e n y l  would n o t  be e x p e c t e d  t o  ap p e a r  i n  human 
m i l k  s a m p le s  and i n d e e d ,  no bromobi pheny l  s were ever- 
d e t e c t e d  d u r i n g  t h i s  p r o j e c t .  In  t h e  U . S . A . ,  how ever ,  
p o l y b r o m i n a t e d  b i p h e n y l s  were  used as - f i r e  r e t a r d a n t s  and 
a r e  w i d e l y  d i s t r i b u t e d  i n  t h e  e n v i r o n m e n t .  C o n s e q u e n t ly ,  
4 , 4 ' - d i b r o m o b i p h e n y l  would p r o b a b l y  n o t  be a s u i t a b l e  
i n t e r n a l  s t a n d a r d  -for N o r th  Am er ican  human m i l k  sam p les .
5 . 2 . 2 . 2 . I n j e c t i o n  mode.
C h o ic e  o-f i n j e c t i o n  mode has a l r e a d y  been d is c u s s e d  and 
s p l i t l e s s  mode was s e l e c t e d  -for i t s  s i m p l i c i t y  and t h e  
need t o  t r a n s f e r  as  much o f  t h e  i n j e c t e d  sample  as  
p o s s i b l e  t o  t h e  co lumn.  An e x t e n s i o n  o f  t h i s  was t h e  use  
of  a 2 m r e t e n t i o n  gap j o i n e d  t o  t h e  s e p a r a t i o n  column  
w i t h  a z e r o  dead volume b u t t  c o n n e c t o r .  T h i s  s e r v e d  no t  
o n l y  as  a gu a rd  column b u t  a l s o  p e r m i t t e d  t h e  use of  
l a r g e  i n j e c t i o n  vo lumes and 10 Ml o f  h e p ta n e  s o l u t i o n s  
were r o u t i n e l y  i n j e c t e d  ( s p l i t l e s s  f o r  2 m in u te s  w i t h  an 
i n j e c t i o n  d u r a t i o n  o f  15 s e c o n d s ) .
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S . 2 . 2 . 5 .  D e t e c t  o r  <3.
C h o ic e  o-f t h e  d e t e c t o r  -for r e s i d u e  work was l i m i t e d  by 
t h e  need f o r  e x t r e m e  s e n s i t i v i t y  and s e l e c t i v i t y  and mast  
of  t h e  method d ev e lo p m en t  work was c a r r i e d  o u t  u s in g  ECD 
and EIMS as d e t e c t i o n  mode. Due t o  t h e  l a r g e  number o f  
a n a l y t e s  and t h e  p r e s e n c e  o f  many o t h e r  m a t e r i a l s  i n  t h e  
e x t r a c t s ,  q u a n t i t a t i v e  a n a l y s i s  was a lw a y s  c a r r i e d  ou t  
u s in g  GC-EIMS.
5 .  2 .  2 .  4 .  Qua n t  i t a t i  ve  __ on chroma t o g r a p hi  c
peak s
Q u a n t i t a t i v e  measurements on c h r o m a t o g r a p h ic  peaks were  
u s u a l l y  p e r fo rm e d  by m eas ur ing  peak a r e a s  by e l e c t r o n i c  
i n t e g r a t i o n .  Peak h e i g h t  m easurem ents ,  when n ee ded ,  were  
made m a n u a l l y  f o r  GC—ECD t r a c e s  and e l e c t r o n i c a l l y  f o r  
GC-MS. Q u a n t i t a t i o n  by peak a r e a s  g e n e r a l l y  shows
improved p r e c i s i o n  o v e r  peak h e i g h t s  b u t  peak h e i g h t  
m easurements a r e  l e s s  p ro n e  t o  e r r o r s  due t o  p a r t i a l  
o v e r l a p  o f  pe a k s .  T h i s  l a t t e r  a d v a n ta g e  o f  peak h e i g h t  
m easurements was c o n s i d e r e d  t o  be o f  m inor  im p o r ta n c e  in  
v ie w  o f  t h e  h ig h  r e s o l u t i o n  o f f e r e d  by WCQT c a p i l l a r y  
columns and t h e  s e l e c t i v i t y  p r o v i d e d  by EIMS ( i n  s e l e c t e d  
ion m o n i t o r i n g  mode).
I t  was no ted  t h a t  t h e  a r e a  measurement a l g o r i t h m  employed  
by t h e  GC-MS system was unusua l  i n  t h a t  i n s t e a d  of
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m eas u r in g  t h e  w ha le  a r e a  o f  a p e a k ,  i t  p e r fo rm e d  
q u a n t i t a t i v e  c a l c u l a t i o n s  by d r o p p in g  p e r p e n d i c u l a r s  -from 
t h e  h a l f - h e i g h t s  o f  a peak and th e n  measured t h e  a r e a  
between t h e  two p e r p e n d i c u l a r s .  T h i s  was found  t o  le a d  t o  
c on s i d e r a b 1e e r  r  or  s i n quant  i t  a t  i  on i f  t  he p ea k i n 
q u e s t i o n  was d i s t o r t e d  t o  any d e g r e e .  As w i l l  be seen  
l a t e r ,  some m i l k  sam ples  gave r i s e  t o  d i s t o r t e d  peaks f o r  
t h e  4 , 4 ' - d ib r o m o b ip h e n y l  i n t e r n a l  s t a n d a r d  and a l s o  f o r  
be ta -H C H .  T h i s  d i s t o r t i o n  was p r o b a b l y  due t o  some 
u n i d e n t i f i e d  s u b s t a n c e ( s )  ( p o s s i b l y  r e s i d u a l  l i p i d s )  in  
t h e  e x t r a c t  g i v i n g  r i s e  t o  r e t e n t i o n  o f  t h e s e  two  
compounds in  t h e  i n j e c t o r  p o r t  o r  t h e  r e t e n t i o n  gap.  
However ,  because o n l y  some o f  t h e  sam ples  bu t  n o t  t h e  
s t a n d a r d s  gave r i s e  t o  d i s t o r t e d  p e a k s ,  t h i s  unusual  
method o f  measurement gave r i s e  t o  e r r o r s  o f  q u a n t i t a t i o n  
due t o  t h e  d i f f e r e n c e  i n  t h e  p r o p o r t i o n  o f  t h e  peak a r e a  
measured i n  t h e  sample  and t h e  s t a n d a r d ;  t h i s  was a 
p a r t i c u l a r l y  w o r r y in g  p ro b lem  in  sam ples  where t h e
i n t e r n a l  s t a n d a r d  peak was a f f e c t e d .  I f  t o t a l  peak a r e a s
had been measured ,  t h e  p rob lem  would n o t  have a r i s e n .  
T h i s  m a t t e r  i s  d is c u s s e d  f u r t h e r  i n  S e c t i o n s  6 . 2 . 1 . 3 .  sub­
s e c t i o n  14 ,  7 . 2 .  and S . .
5 . 2 . 2 . 5 . C a r r i e r  gas s e l e c t i o n .
W ith  c a p i l l a r y  gas c h r o m a t o g r a p h y , t h e  c h o i c e  o f  c a r r i e r  
gas i s  e s s e n t i a l l y  l i m i t e d  t o  h e l iu m  o r  hyd ro gen ;  a l l  
o t h e r  gases ten d  t o  be t o o  i n e f f i c i e n t  i n  t e r m s  of  p l a t e
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h e i g h t  and t h e  number o f  p l a t e s  g e n e r a t e d  p e r  u n i t  
an a 1y s i  s t i m e .  Ana1y s i  s t i  mes a r  e g r  e a 1 1y pr  o 1on g ed when 
e t h e r  c a r r i e r  gases a r e  used.
A l l  o f  t h e  ECD work was c a r r i e d  o u t  u s in g  hydrogen as  
c a r r i e r  gas and a l l  t h e  d ev e lo p m en t  work f o r  GC-MS (u s in g  
a IS  m DB-210  column) was c a r r i e d  o u t  u s in g  h e l i u m .  L a t e r  
GC-MS work u s in g  a 25  m OV-17 column was con d u c ted  u s in g  
hydrogen i n  o r d e r  t o  r e d u c e  t h e  a n a l y s i s  t i m e  and a l s o  t o  
i n c r e a s e  t h e  o v e r a l l  e f f i c i e n c y  o f  t h e  s e p a r a t i o n .  Use o f  
hydrogen as  a c a r r i e r  gas i m p l i e s  t h e  use o f  r e l a t i v e l y  
h ig h  f l o w  r a t e s .  In  GC-MS t h i s  gave r i s e  t o  h ig h  so u rc e  
p r e s s u r e s .  The p o s s i b i l i t y  o f  hydrogen c h e m ica l  
i o n i s a t i o n  e f f e c t s  a r i s i n g  was i n v e s t i g a t e d ;  f o r t u n a t e l y  
no Cl e f f e c t s  were seen d e s p i t e  t h e  h ig h  s o u r c e  p r e s s u r e  
and f u l l - s c a n  mass s p e c t r a  o b t a i n e d  u s in g  hydrogen as  
c a r r i e r  gas f o r  GC-EIMS were i d e n t i c a l  t o  t h o s e  o b t a i n e d  
u s in g  h e l iu m  c a r r i e r  f o r  a l l  t h e  OCPs and PCBs 
i  n v e s t  i g a t  e d .
5 . 2 . 2 . 6 .  Column s e l e c t i o n .
W ith  a l a r g e  number o f  a n a l y t e s  and a s e l e c t i v e  or  s e m i -  
s e l e c t i v e  d e t e c t o r ,  t h e  s e l e c t i v i t y  o f  t h e  s t a t i o n a r y  
ph ase c an be v e r y  i mport  an t . W i t  h a s e m i - s e 1ec t  i ve  
d e t e c t o r  such as an ECD, a l l  a n a l y t e s  a r e  d e t e c t e d  
s i m u l t a n e o u s l y  and so each peak must be s e p a r a t e d  
c h r o m a t o g r a p h ic a l  1 y f ro m  a l l  t h e  o t h e r s .  W i th  a v e r y
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l a r g e  number of  a n a l y t e s ,  as in  t h e  case  o f  c o n g e n e r -  
sp ec i  f  i c: PCB w i t h  s i m u l t a n e o u s  OCR an a 1 y s i s , t h i s
s e p a r a t i o n  has t o  be a c h ie v e d  by s h e e r  e f f i c i e n c y ;  
s e l e c t i v i t y  would m e r e l y  change t h e  e l u t i o n  o r d e r  and 
would  be o f  l i t t l e  o r  no use i n  i n c r e a s i n g  r e s o l u t i o n .
F or  11") i s r  eason , cong e n e r  - s p e c i f i c  PCD an a 1 y s i  s us i n g
GC-ECD employs v e r y  l o n g ,  n a n - p o l a r  ( n o n - s e l e c t i v e )  
columns such as a 60 m S E -5 4 .
U s in g  MS as t h e  d e t e c t i o n  mode adds a n o t h e r  d im en s io n  t o  
t h e  a n a l y s i s  i n  t h a t  o n 1y a n a l y t e s  t h a t  i n t e r f e r e  mass 
s p e c t r o m e t r i c a l 1y (see  S e c t i o n  5 . 1 . 2 . 5 . )  have t o  be 
r e s o l v e d  c h r o m a t o g r a p h i c a l 1y .  C o n s e q u e n t1y , s h o r t e r , more 
p o l a r  co lumns were i n v e s t i g a t e d  (Q V -1 7 ,  DB-210)  and
compared t o  OV-1 f o r  s e l e c t i v i t y  between i n t e r f e r i n g
a n a l y t e s ,  p a r t i c u l a r l y  PCBs w i t h  i n t e r f e r i n g  i o n s .  The 
aim o f  t h e  work was t o  s c a t t e r  i n t e r f e r i n g  a n a l y t e s
c h r o m a t o g r a p h i c a l 1y by i n t r o d u c i n g  c h r o m a t o g r a p h ic  
s e l e c t i v i t y ,  and t h e r e b y  r e l a x  t h e  r e q u i  rem en t  f o r  pure  
e f f i c i e n c y  th u s  e n a b l i n g  t h e  a n a l y s i s  t o  be c a r r i e d  ou t  
u s in g  a s h o r t e r  column w i t h  a c o n c o m i t a n t  r e d u c t i o n  in  
a n a l y s i s  t i m e .  F u r t h e r  a d v a n t a g e s  o f  s h o r t e r  columns a r e  
t h e i r  d e c re a s e d  c o s t  and t h e  f a c t  t h a t  t h e y  a r e  o p t i m i s e d  
o v e r  a g r e a t e r  p r o p o r t i o n  o f  t h e i r  l e n g t h  s i n c e  t h e  
d i f  f  e r  e n c e b e t  w e e n t  h e i n 1 e t  a n d o u 1 1 e t  1 i n e a r  g a s 
v e 1o c i  t i e s  i s  1 ess  th a n  i n  a 1 onger  c o 1umn.
T h e i n t  e r  n a 1 d i a m e t  e r  and s t  a t  i on a r  y phase f i l m  t  h i  ckn ess
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w ere  a l s o  p a r a m e t e r s  which had t o  be c o n s i d e r e d -  Wide 
b o r e ,  t h i c k  f i l m  columns a r e  more r o b u s t  and have a 
g r e a t e r  1oad i ng capac i t y  th a n  s m a l1 b o r e , t h i n  f i 1m 
t y p e s .  U n f o r t u n a t e l y ,  t h e  f o r m e r  a r e  l e s s  e f f i c i e n t  and 
g i v e  r i s e  t o  long  a n a l y s i s  t i m e s .  High l o a d i n g  c a p a c i t y  
a n d ro b  la s  t  n e s s a r  e d e s i r  a b 1 e p r  cd p e r  t  i  e s w I’D e n d e a l i n g  w i t  h 
l a r g e  i n j e c t i o n  vo lu m e s ,  b u t  t  h e r  e qu i r  emen t  f  or  
e f f i c i e n c y  ( d e s p i t e  c h r o m a t o g r a p h ic  and s p e c t r o m e t r i c  
s e l e c t i v i t y )  made i t  n e c e s s a r y  t o  f i n d  a compromise and 
i t  was d e c id e d  t h a t  a 0 . 2 5  mm i . d .  column w i t h  a f i l m  
t h i c k n e s s  o f  about  0 . 2  pm would be s u i t a b l e .
T h r e e  WCC3T columns were e v a l u a t e d :  ( i )  a 39 m G V - l  , 0 . 2 5
mm i . d . ,  0 . 2  urn f i l m ,  ( i i )  a 25  m G V -1 7 ,  0 . 2 5  mm i . d . ,  
0 . 2  pm f i l m  and ( i i i )  a 15 m D B -2 1 0 ,  0 . 2 5  mm i . d . ,
0 . 2 5  pm f i l m .  A l l  phases were c h e m i c a l l y  banded o n to  t h e  
f u s e d  s i l i c a .  The s e l e c t i v i t y  between OCPs, as  a g u id e  t o  
t h e  o v e r a l l  s e l e c t i v i t y  f o r  s i m i l a r  t y p e s  o f  
o r g a n o c h l o r i n e s , was i n v e s t i g a t e d  f o r  a l l  t h r e e  columns  
u s in g  a P e r k i n - E l m e r  8320D c a p i l l a r y  GC. The c o n d i t i o n s  
u s e d - w i t h  each column were as f o l l o w s :
C a r r i e r  gas: Hydrogen a t  ab o u t  65 cm s ” 1 .
I n j e c t o r  t e m p . :  2 7 0 c:>C.
D e t e c t o r  t e m p . :  3 5 0 * ^
I n j e c t i o n :  2 . 5  p i  h e p ta n e  s o l u t i o n  w i t h  1 p i
h e p ta n e  "c h a s e r ".  S p l i t 1 e s s .
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i )  O V - 1 :
C a r r i  e r  p r e s s u r e i  
S p l i t l e s s  t imes  
Oven programmes
2 2 . 0  p . s . i .
1 . 7 5  m in u te s .
10 0 “ C f o r  2 m ins .  3 0 c,C min'"1 t o  
120°C .  1. 3 c,C m i n " 1 t o  230«C.
i i )  OV-17  s 
C a r r i e r  p re s s u re s  
S p l i t l e s s  t imes  
Oven programmes
1 0 . 0  p . s . i .
2 .0 0  m in u te s .
lOO^C f o r  2 m ins .  3 0 t;,C min"'1 t o  
120°C .  1 . 3 “ C min"'1 t o  2'50™C.
i i i )  DB~210s 
C a r r i e r  p r e s s u r e !  
S p l i t l e s s  t imes  
Oven programmes
5 . 2  p . s . i .
1 . 7 5  m in u te s .
lOO^C f o r  1 . 7  m ins .  1. 2 c,C m i n " 1 
t o  190°C,
Chromatograms f o r  each column w i t h  t h e  s e l e c t e d
o r g a n o h a 1ogens l a b e l l e d  can be seen i n  F i g u r e  29 .  As can
be s e e n ,  t h e  0V -1  g i v e s  poor  s e l e c t i v i t y  between
compounds o f  s i m i l a r  s t r u c t u r e ,  f o r  e x a m p le ,  t h e  HCHs and
HCD te n d  t o  c l u s t e r  t o g e t h e r .
The GV-17  and DB-210 g e n e r a t e  f a r  g r e a t e r  s e l e c t i v i t y  and 
a more even d i s t r i b u t i o n  o f  t h e  OCPs o v e r  t h e  
c h r o m a t o g r a p h ic  r a n g e .  The s h o r t e r  DB-210  column a l s o  
r e s u l t e d  in  a s h o r t e r  a n a l y s i s  t i m e .  For  t h e s e  r e a s o n s ,
1 . a l pha-HCH
2 .HCB
3 . g a m m a - H C H
4 . delt a - H C H
5.Aldrin
6.4,4' d i b r o m o b i p h e n y l  
7.p , p ' TDE olefin 
B.o,p' DDE
9 . Dieldrin
10.p , p 1 DDE
11.0,p' TDE
12.Endrin
1 3 . p,p' TDE
14.0,p' DDT 
15. p,p' DDT
y J J w i \h







2. a l p h a - H C H
3. g a m m a - H C H
4. d e l t a - H C H
5. A l d r i n
6. 4,4' d i b r o m o b i p h e n y l
7. p,p' TDE o l e f i n
8. o, p ' DDE
9. Dieldrln
10. p,p' DDE
11. End r i n
12. o,p' TDE
13. o , p ' DDT
14. p,p* TDE
15. p,p' DDT








OCPs and PCBs on I5m D B - 2 1 0
Figure 29 (contd.
1. HCB
2. a l p h a - H C H
3. g a m m a - H C H
4. A l d r i n
5. d e l t a - H C H
6. 4,4' d i b r o m o b i p h e n y l .
7. o , p ' DDE
8. p , p ' T D E  o l e f i n
9. p,p' DDE
10. o,p' T D E
11. o,p' D D T
12. Dield r i n
13. E n d r i n
14. p,p* T D E




t  h e D B 2 1 0  w a s s e 1 e c t  e d f  o r  f  u r  t  h e r  0  v a 1 u a t  i □ n a n d i t  s 
p e r  f  o r  mance was ex ami ned u s i  ng GC-MS under  t h e  f a l l o w i n g  
con d i  t i  ons:
Instr ument ations
C a r r i e r  gass
I n j e c t o r  t e m p . :
I n j e c t i  on s
Oven programmes
Tr  a n s f  e r  l i n e  temp 
I o n i s a t i o n  modes
Dani 3800  c a p i l l a r y  GC i n t e r f a c e d  
t o  a VG 7070E mass s p e c t r o m e t e r .
H e 1 i um a t  0 . 2 5  b a r  ( ap pr  o x . 70  
cm s'"1 ) .
270«C.
J. 0 >..11 hep t a n e  so 1 u t  i o n . Sp 1 i 1 1 ess  
f o r  2  m ins .
S6 °C f o r  2 . 5  m ins .  1 . 5 - C m i n " 1 t o  
2 0 0 c*C.
180°C .
70 eV E l .  S e l e c t e d  io n  
moni t o r i  n g .
The i o n s  m o n i t o r e d  und er  SIM were t h e  base peak i o n s  i n  
t h e  m o l e c u l a r  io n  c l u s t e r s  f o r  Cl j t h r o u g h  t o  Cl 9 PCBs. 
W ith  t h i s  s y s te m ,  a 1 s 1 s 1 s :L mix o f  A r o c l o r s  1242 ,  124 8 ,  
1254 and 1260 i n  h e p ta n e  ( a p p r o x i m a t e l y  100 ng m l - 1  o f  
each)  was i n j e c t e d .  The e l u t i o n  windows f o r  each isom er  
group was e s t i m a t e d  and a r e  l i s t e d  i n  T a b l e  9 .
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T a b l e 9 .  E1 u t  i o n w i n d □ w s  f  □  r  P C B i. s o m e r  g r  o u p s »
B e g  t e x t  -for e x p e r i m e n t a l  d e t a i l s .
I s g m e r  g r  a u p . E 1 u t  i_a n w i n  d a w (m i i is  a f t e r
i n j e c t i o n ) .
Cl i 0 t o  26
C ls  0 t o  30
Cl 3  18 t o  32
C l *  27  t o  43
Cl a 37 t o  59
C l *  43  t o  62
Cl 7  49  t o  70
Cl a 63  t o  80
Cls> 63 t o  80
T h e e s t  i fin a t  es f a  r  o c t  a -  a n d n o n a c h 1 o r  o b i p h e n y 1 s a r  e n o t
p r  e c i s e s i  nc e o n l y  a f  ew o f  t  hese cong ene r  s were
d e t e c t e d .  The windows f o r  p e n t a -  and h e x a c h l o r o b i  p h e n y ls  
can be seen i n F i  g u re  3 0 .  The maj or  p e n ta c h  1 o r o b i  pheny 1 
peaks in  t h e  A r o c l o r  m i x t u r e  were found t o  e l u t e  ove r  a 
window abo ut  16 m in u te s  w ide  and t h e  m ajor  
h e x a c h 1 o r  o b i p hi e n y 1 s w e r  e f  o u n d t  o e 1 u t  e o v e r  a w i n d a w 
a b o u t  18 m i n u t  e s w i d e . T h e r  e a r  e 4 6  p e n t  a c h 1 o r  o b i p hi e n y 1 s
and 42 h e x a c h l o r o b i p h e n y l s  ( p e n t a c h l o r o b i p h e n y l s  comprise? 
t  hi e 1 a r  g e s t  i s o m e r  g r  o u p ) a n d t  h e e 1 u t  i o n window s w e r  e 
c; o n s i d e r e d  s u f f i c i e n t l y  w i d e t  o perm i  t  a d e q u a t  e 
r  e s o 1 la t  i on o f  t  hi e ma j  or  i t  y o f  c on g en e r  s w i t  hi i n e a c hi
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P e n t a c h i o r o b i p h e n y l  
w i n d o w  a p p r o x .  1 6  m i n s
r»vz  3 2 6
1 2  m i n s 7 4  m i n s
P e n t a C B s
I-------------------
H e p t a C B s
H e x a c h i o r o b i p h e n y l  
w i n d o w  a p p r o x .  18 m i n s
m /z  3 6 0
1 2  m i n s 7 4  m i n s
H e x a C B s
GC-MS elution windows for penta- and hexachlorobiphenyls
Figure 30.
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is o m e r  g r o u p .  T h e re  was c o n s i d e r a b l e  o v e r l a p  o f  e l u t i o n  
wi ndows f o r  g ro u p s  d i  f f e r i  ng by one ch 1 o r i  n e , bi tt  o v e r  1 ap 
o f  windows f o r  g ro u p s  d i f f e r i n g  by two c h l o r i n e s  ( t h e  
most i m p o r t  an t  s o u r  c e o f  i n t  e r - g r o u p  i n t  e r  f  e r  en c e )
a p p e a r e d  t o  be? r e l a t i v e l y  m in o r .  O v e r a l l ,  i t  was
c o n s i d e r e d  t h a t  t h e  DB -210  would p r o b a b l y  s e p a r a t e  t h e  
m a j o r i t y  o f  s p e c t r o s c o p i c a l l y  i n t e r f e r i n g  PCB c o n g e n e rs  
and sep a r  a t  e e i  t  h e r  c: h r  oma t  og r  ap h i  c a 11 y o r  p e r  m i t
s p e c t r o s c o p i c  s e p a r a t i o n  o f  a l l  t h e  c o n g e n e rs  e n c o u n t e r e d
in  human m i l k  s a m p le s .  I t  was a p p r e c i a t e d  t h a t  t h e  o n l y  
way t o  t e s t  w h e th e r  t h e r e  i s  i n t e r f e r e n c e  between RGBs i s  
t o  i n j e c t  a m i x t u r e  o f  a l l  209  c o n g e n e r s .  U n f o r t u n a t e l y ,  
t h i s  was n o t  p o s s i b l e  and i t  was c o n s id e r e d  u n l i k e l y  t h a t  
a 15 m D B - 2 10 w o u ld ,  i n  p r  ac t  i c e , b e s u f  f  i c i  en 1 1 y 
e f  f  i c i  en t  o r  s e 1ec t  i ve  t  o sep a r  a t e  o u t  a l l  p oss i b 1e 
i n t e r f e r e n c e s ;  f o r  t h e  p u rp o s e s  of  t h i s  p r o j e c t ,  i t  was 
c o n s i d e r e d  enough t o  s e p a r a t e  t h e  t a r g e t  a n a l y t e  PCB 
c o n g e n e r s  and f o r t u n a t e l y ,  no i n t e r f e r e n c e  w i t h  t h e s e  was 
e v e r  e n c o u n t e r e d .  A l o n g e r  DB-210  ( s a y ,  30 m) would g i v e  
a much b e t t e r  chance  o f  s e p a r a t i n g  a l l  i n t e r f e r i n g  
c o n g e n e r s  when u s in g  GG-MS, e s p e c i a l l y  i f  hydrogen
c a r  r  i e r  g a s w a s u s e d .
A l l  t a r g e t  OCRs were s e p a r a t e d  c h r o m a t o g r a p h ! c a l 1y f ro m  
each o t h e r  u s in g  t h e  15 m DB-210  and s p e c t r o m e t r i c a l 1y
f rom  t h e  RGBs u s in g  S IM ,  so t h a t  no i n t e r f e r e n c e  p ro b le m s
were e n c o u n t e r e d  i n  a n a l y s i n g  OCRs.
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Some o f  t h e  m i l k  sam ples  (see  S e c t i o n  7 . 2 . )  were  a n a ly s e d  
us :i. ng t h e  G V - 17 c o l  umn wi t h  GC--MS and h ydr  og en c a r  r  i e r  
gas .  A l l  t a r g e t  OCR and s p e c i f i c  PCB con gener  a n a l y t e s  
were sep a r  a te d  e i t h  e r  c h romatog r  a p h i c a l l y  or
sp ec t  r o m e t r  i c a 11y f  r  om p o t e n t  i  a 1 i n  t  e r  f  e r  en c es  and i t  was 
f e l t  t h a t  0 V -  17 was an a c c e p t a b l e ,  though i n f e r i o r ,  
a l t e r n a t i v e  t o  DB-210  i n  t e r m s  of  s e l e c t i v i t y .
5 . 2 . 2 . 7 .  R o u t i n e GC oper a t i n g  cond i t i o n s .
The GC o p e r a t i n g  c o n d i t i o n s  were d e v is e d  l a r g e l y  by t r i a l  
and e r r o r .  Long s p l i t ! e s s  t i m e s  (up t o  2 m in u te s )  were  
used in  o r d e r  t o  m ax im ise  t h e  s a l u t e  t r a n s f e r  t o  t h e  
column.  The i n i t i a l  oven t e m p e r a t u r e  used f o r  ECD work  
w i t h  t h e  25 m GV-17 w i t h o u t  r e t e n t i o n  gap was s e t  a t  
lOO^C f o r  n - h e p t a n e  ( b . p t .  9 8 . 5 c:,C) s o l u t i o n s  so no 
s o l v e n t  e f f e c t  was o b t a i n e d .  The maximum i n j e c t i o n  volume  
used f o r  i n j e c t i o n  w i t h o u t  r e t e n t i o n  gap was 2 . 5  p i  w i t h  
a 1 p i  h e p ta n e  " c h a s e r " .  The program ra m p (s )  and f i n a l  
t e m p e r a t u r e  depend on t h e  a n a l y t e s ,  b u t  u s in g  t h e  25 m 
GV-17 w i t h o u t  r e t e n t i o n  gap ,  t h e  f a l l o w i n g  c o n d i t i o n s  
were r o u t i n e l y  used i n  o r d e r  t o  e l u t e  a l l  t a r g e t  OCPs and 
PCBss
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I n s t  r  u rn 0  n t  a t. i o n :
Colamn u
C a r r i e r  gass
D e t e c t o r :
I n j e c t o r  t e m p . :
I n j e c t i o n :
Oven programme:
T o t a l  a n a l y s i s  t im e :
The GC-MS work was c a r r i e d  o u t  u s in g  two d i f f e r e n t  
c h r o m a t o g r a p h ic  s ys te m s .  The - f i r s t  system made use o f  a 
15 m DB -210  column w i t h  2 m r e t e n t i o n  gap and h e l iu m  
c a r r i e r .  The second system  com pr ised  a 25 m OV-17 column 
w i t h  2 m r e t e n t i o n  gap and hydrogen c a r r i e r .  Both systems  
made use o f  a h e p ta n e  s o l v e n t  e f f e c t .  In  o r d e r  t o  e lu te ,  
a l l  t  a rg  e t  OCRs and RGBs, t h e  f o i l o w i  ng con d i t  i ons were  
u s e d :
P e r  k i n -  E1 m e r  8 3 2 0 B c a p i 11 a r  y G C. 
25 m O V -1 7 ,  0 . 2 5  mm i . d . ,  0 . 2  /.im
f  i 1 m.
Hyd r  og en a t  10 p . s . i . ( nam i n a 1 ) .
L i n e a r  g as v e l o c i t y  a t  10 0 <::>C 
a p p ro x .  65  cm s ”"1 .
ECD a t  3 5 0 <::>C. N i t r o g e n  make-up  
gas .
270~C.
Maximum of  2 . 5  p i  h ep ta n e  
s o l u t i o n  w i t h  1 p i  h e p ta n e  
" c h a s e r " .  Bp1 i 1 1 ess f  or  2 mi n s . 
100^0 f o r  2 m ins .  3 0 c:,C m i n " 1 t o  
120<:3C. 1.3®C min""1 t o  240«C.
Up t o  90 m in u te s .
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DB -210 .
I  n s t  r  u m e n t  a t  i o n s 
Cal limn s
C a r r i e r  gas:
T r a n s f e r  l i n e  t e m p . :  
I n j e c t o r  t e m p . :  
I n j e c t i o n :
□ven programme:
T o t a l  a n a l y s i s  t i m e :  
O V-17 .
I n s t r u m e n t a t i o n :
Column:
C a r r i e r  gas:
Dani  3800  c a p i l l a r y  GC i n t e r f a c e d  
t o  a VG 7070E mass s p e c t r o m e t e r « 
15 m D B -2 1 0 ,  0 . 2 5  mm i . d . ,
0 . 2 5  pm f i l m  w i t h  2 m r e t e n t i o n  
g a p.
He1 i urn a t  0 . 2 5  b a r  ( n o m i n a l ) . 
L i n e a r  gas v e l o c i t y  a t  8 6 c:>C
a p p ro x .  70 cm s " x .
180caC.
2 7 0 c:’C .
Ma x i muin o f  10 p 1 h ep t  an e so 1 u t  i on 
w i t h  1 p i  " c h a s e r "  i n j e c t e d  over- 
15 seconds .  S p l i t l e s s  f o r  2 mins.  
8 6 ,::>C f o r  2 . 5  m ins .  1. 5 c:,C m i n " 1 t o  
2 0 0 ° C .
Up t o  70 m in u te s .
Dani  3800  c a p i l l a r y  GC i n t e r f a c e d  
t o  a VG 7070E mass s p e c t r o m e t e r . 
25 m O V -1 7 ,  0 . 2 5  mm i . d . ,  0 . 2  pm
f i l m  w i t h  2 m r e t e n t i o n  gap.
Hydrogen a t  0 .  42  b a r  ( nomi n a 1 ) . 
L i n e a r  gas v e l o c i t y  a t  9 6 c:>C 
a p p r o x .  95  cm s " x .
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Tran  s f  e r  1 i ne te m p . 
I n j e c t o r  temp.s  
I n j e c t  i o n :
Oven programme!
T o t a l  a n a l y s i s  t im e :
1 80 -C .
270~C.
Max i mum o f  10 \.x 1 hep t a n e  so 1 u t  i on 
w i t h  1 p i  " c h a s e r "  i n j e c t e d  over  
15 sec on d s . Sp1 i 1 1 ess  f o r  100 
s e c s .
96^0  f o r  100 s e c s .  B a l l i s t i c  r i s e
t o  120°C .  1. 5 ,:-C m in  1 t o  230 ' :,C .
Up t o  70 m in u te s .
I t  w i l l  toe no ted  t h a t  t h e  l i n e a r  gas v e l o c i t i e s  r e q u i r e d  
f o r  e f f i c i e n t  GC-MS w o rk ,  where t h e  column o u t l e t  
p r e s s u r e  i s  e s s e n t i a l l y  vacuum, a r e  much h i g h e r  than  
t h o s e  e n c o u n te r e d  in  a tm o s p h e r ic  p r e s s u r e  GC; t h i s  i s  
because t h e  d e n s i t y  o f  t h e  c a r r i e r  i s  much lo w e r  under  
GC-MS c o n d i t i o n s .
5 . 2 . 2 . 0 .  Mass spe c t r o m e t r y  o p e r a t i ng cond i t i o n s f or  GC-
MS.
The mass s p e c t r o m e t e r  used t h r o u g h o u t  was a VG 7070E  
d o u b le  f o c u s s i n g ,  e x te n d e d  g e o m e try  i n s t r u m e n t  w i t h  a 
PDF' 8A based o p e r a t i n g  sys te m .
I o n i s a t i o n  mode.
E l e c t r o n  im p act  ( E l )  was chosen as t h e  i o n i s a t i o n  mode on 
account  o f  i t s  s i m p l i c i t y  and r e p r o d u c i b i 1 i t y .
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F u r t h e r m o r e , most OCRs and RGBs g i v e  a s t r o n g  base peak  
under  E I  c ondi t  i o n s . A s o f t  e r  ch emi c a 1 i on i s a t  i a n met h od 
w o u 1 d p r  o b a b 1 y have  p r o v i d e d  i n c r  e a s e d s e n s i t  i v :i. t  y , 
p a r t i c u l a r l y  -for t h e  d im e t h a n o n a p h t h a le n e s  ( t h e  " d r i n s " ) ,  
b u t  Cl  c o n d i t i o n s  a r e  more complex t o  o p e r a t e  and a r e  
1 ess  r  eproduc i b 1 e and w i d e d i f  f  e r  en c es  in  r  esp on se 
■factors* between s i m i l a r  compounds a r e  o f t e n  o b s e rv e d -
Scan n i n g mode.
F u l l  scan modes o f f e r  i n c r e a s e d  scope f o r  i d e n t i f i c a t i o n  
but  a r e  v e r y  much 1ess  s e n s i t i v e  th a n  s e 1e c t e d  ion  
m a n i t o r i n g  (SIM) modes. For  io n  t r a p  d e t e c t o r s , h o w e v e r , 
t h e  d i f f e r e n c e  in  s e n s i t i v i t y  i s  l e s s  marked and f u l l  
scan modes a r e  v e r y  s e n s i t i v e .  N in e  io n  masses were  
s e l e c t e d  f o r  a l l  t h e  r e s i d u e  a n a ly s e s  on a c c o u n t  o f  t h e  
s p e c i f i c i t y  o f  t h e s e  masses f o r  t h e  t a r g e t  a n a l y t e s  and 
t h e  s t r e n g t h  o f  t h e  i o n s  produced a t  t h e  s e l e c t e d  m/z 
v a 1u e s . The a n a 1y t e s  w i t h  t h e i  r  c o r r e s p o n d i  ng m/z v a 1ues  
a r e  l i s t e d  in  T a b le  10.
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T a b l e  10, 9 e 1 0  c 1 0  d i 0  n mass 0  s f  0  r  G C) -  M S 9 1M
d 0 1 0  r  m i n a t  i 0  n G C P s a n d P C B s ,




" D r i  ns"
HCB
4 , 4 ' - d i b r o m o b i p h e n y l
( i n t e r n a l  s t d .
P e n t a c h l o r o b i  p h e n y ls  
H e x a c h io r o b i  p h e n y ls  
H e p t a c h l o r o b i  p h e n y ls
D u r in g  t h e  c h r o m a t o g r a p h ic  r u n ,  t h e  mass s p e c t r o m e t e r  
r e p e a t e d l y  scanned th r o u g h  a l l  n i n e  masses i n  sequence  
w i t h  a c o m p le te  mass c y c l e  t a k i n g  a p p r o x i m a t e l y  1 .1  
seconds ,  A c y c l e  t i m e  o f  1 .1  seconds p e r m i t t e d  a d e q u a te  
s a m p l in g  o-f c h r o m a t o g r a p h ic  peaks t o  p e r m i t  - f a i t h f u l  
r e c o r d i n g  o f  t h e  peak shape and s i z e .  D a ta  were s t o r e d  
•for each o f  t h e  mass c h a n n e l s  o v e r  t h e  e n t i r e  r u n .  High  
mass, even v a l u e  m/z v a l u e s  were p r e f e r r e d  s i n c e  
g e n e r a l l y  l e s s  i n t e r f e r i n g  i o n s  a r e  produced a t  such 
v a l u e s .
m / z . 
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Mass c a l i b r a t i o n  and t u n i n g .
The mass s p e c t r o m e t e r  was mass c a l i b r a t e d  u s in g  
p e r f 1u o r o k e r o s e n e  a t  a r e s o l u t i o n  o f  1000 (107. v a l l e y
m e th o d ) .  P r i o r  t o  a SIM r u n ,  t h e  s p e c t r o m e t e r  was de­
tu n e d  t o  a mass r e s o l u t i o n  o f  abo u t  500  by o pen ing  t h e  
c o l l e c t o r  s l i t  a f t e r  t h e  a n a l y s e r  t u b e .  T h i s  r e s u l t e d  in  
i n c r e a s e d  s e n s i t i v i t y  due t o  an i n c r e a s e  i n  io n  f l u x ,  and 
gave r i s e  t o  a " f l a t  t o p "  t u n i n g  e f f e c t  which  
c o n s i d e r a b l y  r e d u c e s  changes i n  a n a l y t e  r e s p o n s e  f a c t o r s  
s h o u ld  any d r i f t  i n  t h e  mass c a l i b r a t i o n  a r i s e .  T e c h n i c a l  
d e t a i l s  o f  mass s p e c t r o m e t e r  o p e r a t i o n  a r e  summarised in  
T a b l e  11.
T a b l e  11.  Mass s p e c t r o m e t e r  o p e r a t i n g  c o n d i t i o n s
f o r  SIM.
E l e c t r o n  m u l t i p l i e r  p o t e n t i a l :  2 . 0  t o  2 . 2  KV.
Mass c a l i b r a t i o n :  Us ing  PFK a t  1000 r e s o l u t i o n .
Mass r e s o l u t i o n  and t u n i n g :  500  <107. v a l l e y ) ,  " f l a t  t o p " .  
A m p l i f i e r  g a i n :  A u to m a t ic  g a i n  c o n t r o l .
V o l t a g e  c o n t r o l l e d  mass s c a n n i n g .
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Mass Dwel l  t i_me ( ms > ._ I n  t e r - c h a n n e l
0 1 3 . E l L t d e l ay .
1 8 2 .9 3 4 7  100 30
2 3 5 . 0 0 8 0  100 20
2 4 6 . 0 0 0 1  100 20
2 6 2 . 8 5 6 8  100 20
2 8 3 . 8 1 0 0  100 20
3 1 1 . 8 9 7 0  100 20
3 2 5 .8 8 0 1  100 20
3 5 9 . 8 4 1 3  100 20
3 9 3 . 8 0 2 4  100 30
The i n t e r - c h a n n e l  d e l a y s  -for t h e  i n i t i a l  and - f i n a l  masses  
i n  t h e  s c a n n in g  c y c l e  were  e x te n d e d  t o  a l l o w  t h e  mass 
s p e c t r o m e t e r  t i m e  t o  s e t t l e  a t  t h e  b e g i n n i n g  and end o-f 
each 1 .1  second s c a n n in g  seq uence .
GC-MS q u a n t i t a t i o n .
The t a r g e t  a n a l y t e s  i n  t h e  m i l k  sam ples  were s 
h e x a c h l o r o b e n z e n e , a l p h a - H C H , b e ta -H C H ,  gamma-HCH, 
d e l t a - H C H , o , p ' -D D E , p , p ' -D D E , o , p ' - D D T , p , p ' - D D T , 
d i e l d r i n ,  e n d r i n ,  PCB 118 ,  PCB 156 ,  PCB 157 ,  PCB 169 ,  PCB 
189. The f i v e  s e l e c t e d  PCB c o n g en ers  were chosen because  
of  t h e i r  e x p e c te d  t o x i c i t y  a n d / o r  t h e i r  r e p o r t e d  
d e t e c t  i  on i  n human m i l k .
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In  o r d e r  t o  t e s t  t h e  l i n e a r i t y  o-f re s p o n s e  o-f t h e  mass 
s p e c t r o m e t e r , n i n e  s o l u t i o n s  c o n t a i n i n g  each a n a l y t e  p l u s
5 6 . 5 4  ng m l - -1 o f  4 , 4 ' -~-di bromobi  pheny l  as  i n t e r n a l  
s t a n d a r d  were a n a l y s e d .  The n i n e  s o l u t i o n s  c o v e re d  t h r e e  
o r d e r s  o f  m ag n i tu d e  o-f c o n c e n t r a t i o n  f o r  each a n a l y t e .  
The nom ina l  c o n c e n t r a t i o n s  -for each a n a l y t e  were 1,  3 ,  7 ,  
10,  3 0 ,  7 0 ,  100 ,  3 0 0 ,  700  ng m l” 1 . An a l i q u o t  o f  iOp l  of  
each s o l u t i o n  was a n a ly s e d  u s in g  GC--MB SIM w i t h  t h e  15 m 
DB~~210 column and a 2 m r e t e n t i  on gap.  C h ro m a to g ra p h i  c 
c o n d i t i o n s  were as d e s c r i b e d  f o r  t h i s  column in  S e c t i o n
5 . 2 . 2 . 7 .  and mass s p e c t r o m e t r i c  c o n d i t i o n s  were as  
d e s c r i b e d  in  t h i s  S e c t i o n  e x c e p t  t h a t  " f l a t  to p "  t u n i n g  
was n o t  used and r e s o 1u t i  on was m a i n t a i  ned a t  1000 .  The 
peak a r e a  r a t i o s ,  peak h e i g h t  r a t i o s  and a c c u r a t e  
c o n c e n t r a t i o n s  f o r  each a n a l y t e  a r e  shown i n  T a b l e  12.
P l o t t i n g  peak a r e a  r a t i o s  a g a i n s t  c o n c e n t r a t i o n  and 
p e r f o r m i n g  a l e a s t  s q u a r e s  l i n e a r  r e g r e s s i o n  f o r  each of  
t h e  s i x t e e n  a n a l y t e s  gave t h e  e q u a t i o n s  and c o r r e l a t i o n  
c o e f f i c i e n t s  shown i n  T a b l e  13.
The r e s u I t s  show t h a t  t h e  c a l i b r a t i o n s  a r e  1 i n e a r . The  
a n a l y t e  d e v i  a t i  ng most f  r  om l i n e a r i t y  i s HCB wi t h  a peak  
a r e a  c o r r e l a t i o n  c o e f f i c i e n t  o f  0 . 9 7 7 0 7  and a peak h e i g h t  
c o r r e l a t i o n  c o e f f i c i e n t  o f  0 . 9 6 5 8 7 .  T h i s  d e v i a t i o n  i s  due 
a lm o s t  e n t i r e l y  t o  c u r v a t u r e  a t  t h e  h ig h  c o n c e n t r a t i o n  
end o f  t h e  c a l i b r a t i o n .  T h i s  can be seen f o r  t h e  a r e a  
r e g r e s s i o n  l i n e  in  F i g u r e  3 1 .  I g n o r i n g  t h e  700  ng m l” 1
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Table 12. Peak h e ig h t r a t io s ,  peak area r a t io s  ( a n a ly t e / in t . s t d . ) 
and c o n c e n tra t io n s  -for n ine  p o in t  c a l ib r a t io n  -for 
ta rg e t  a n a ly te s .
A l l  c o n c e n tra t io n s  in  ng m l- 1 .





0.099  2 .96  6 .92  9 .88  29.65 69.18 98.83
0.0356 0.0878 0 .2212 0.2927 0.8555 2.0143 3 .0572
0.0317 0.1039 0.2067 0.4492 1.1309 2.2761 3.0924










H e ig h t
1 .00  2 .99  6 .97  9 .96  29.88 69.72 99.60  298 .8  697 .2
0.0102 0.0322 0.0979 0.1143 0.3351 0.8474 1.1228 4.3742 10.9233
0.0123 0.0337 0 .1142 0.1199 0.4017 0.8951 1.2995 5.1687 10.6486
1.00 3.01 7 .0 2  10.03 30.08 70.18 100.26 300 .8  701 .8
0.0082 0.0208 0 .0680 0.0785 0.2314 0.5752 0.8886 3.0998 7 .5177




H e igh t
1 .00 3 .00  7 .01 10.02 30.05 70.12
0.0133 0.0311 0.0944 0.0982 0.2771 0.7026














1.05 3 .15  7 .3 6  10.52 31.55 73.62 105.18 315.5  736 .2
0.0082 0.0186 0 .0595 0.0687 0.2014 0.5123 0.7956 2.8436 7.0121

























p p ' DDE 
Concn. 
Area 
H e igh t
0 .9 6  2 .89  6 .75  9 .64
0.0271 0.0705 0.1947 0.2338

















7 .8 2  11.17 33.50 7 8 .1 7 , 111.68
0 .1595 0.1934 0.5552 1.4278 1.8250
0.1281 0.2160 0.7558 1.0299 1.4113
335 .0  781 .7
8.1004 15.5443
10.7545 18.9200




0 .87  2 .62  6 .10  8 .72  26.16 61.04 87.20
0.0121 0.0357 0.0721 0.1166 0.3083 0.8645 1.0462





Table 12 (contd. )
Di e ld r i  n
Concn. 1.11 3 .34  7 .79  11.14 33.41 77.95 111.35
Area 0 .0047 0.0114 0.0332 0.0374 0.1262 0.2763 0.3479







H e ig h t
1 .00 3.01 7 .03  10.04 30.11 70.26 100.38
0 .0013 0 .0050 0.0140 0 .0150 0.0533 0.1182 0.1526





Concn. 0.B7 2.61 6 .09
Area 0 .1323  0.1721 0.3023




26.08 60.86 86.94 260.8  608.6
0.5866 1.1685 1.5939 4.6420 10.2335
0.8116 0.9785 1.5052 5.9056 9.8791
PCB 156
Concn. 0 .9 5  2 .84  6 .64  9 .48
Area 0 .0099 0.0273 0 .0542 0.0831




66.36 94.80  284.4 663.6
0.5682 0.9527 2.6829 6.1594
0.3782 0.6998 3.2481 7.8142
PCB 157
Concn. 1 .03  3 .0 8  7 .18  10.25
Area 0 .0352 0.0662 0.1143 0.1184
H e igh t 0 .0364 0.0595 0.1024 0.1315
30.76 71.78 102.54 307.6 717.8
0.3122 0.6733 1.0769 2.9253 6.4841








2 .40  
0.0528 
0.0354
5 .60  
0.0950 
0.0798
8.01 24.02 56.04 80.05  240.2  560.4
0.0820 0.1878 0.4501 0.6458 1.7433 3.6282
0.08B4 0.2023 0.3846 0.6001 1.7919 3.7064
PCB 189
Concn. 1 .12  3 .36  7 .85  11.21 33.65
Area 0 .0116 0.0238 0.0525 0.0618 0.1796
H e igh t 0 .0115 0.0212 0.0437 0.0652 0.2211
7B.51 112.15 336 .5  785.1
0.4592 0.7150 1.8976 3.6607
0.2932 0 .5815 2.2758 4.5625
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T a b l e  13.
A n a l y t e .
HCB 
A r e a  
H e i  g h t
a~HCH 
A r e a  
H ei  g h t
0-HCH  
A r e a  
H ei  g h t
7-HCH  
A r e a  
Hei  g h t
5-HCH 
A r e a  
H ei  g h t
a , p ' -DDE  
A r e a  
H ei  g h t
p , p ' -DDE
A r e a
H e i g h t
a , p ' -DDT  
A r e a  
Hei  g h t
p , p ' -DDT  
A r e a  
H ei  g h t
Di e l  d r  i  n 
A re a  
Hei g h t
R e g r e s s i o n  o f  peak  a r e a  r a t i o s  and peak  
h e i g h t  r a t i o s  on c o n c e n t r a t i o n  f o r
o r g a n o c h l o r i n e  a n a l y t e s  u s i n g  GC-MS S IM .  
y — a n a l  y t e / i  n t . . s t d . r a t i o ,  x =
c o n c e n t r a t i o n  (ng m l " 1 ) .
R e g r e s s i o n  l i n e . C o r r e l a t i o n  
C o e f f  i  c i  e n t .
y = 2 .  1290  X 10“ 2 ;.; •+• 0 . 4 7 6 9 8  0 . 9 7 7 0 7
y = 2 . 9 2 0 2  X 10“ a x + 0 . 5 1 9 1 5  0 . 9 6 5 8 7
y = l . 5 6 7 8  X 1 0 " 58*  -  0 . 1 3 4 3 6  0 . 9 9 9 0 2
y = 1 . 5 5 7 5  X 10"» x  -  0 . 0 2 7 4 9  0 . 9 9 8 0 4
y= 1 . 0 7 4 5  X 10 " szx -  0 . 0 7 3 9 2  0 . 9 9 9 5 4
y= 1 . 4 9 3 2  X 10" 2 x -  0 . 2 2 1 9 2  0 . 9 9 6 6 8
y = 1 . 2 5 8 8  X 1 0 " a x -  0 . 0 7 5 4 8  0 . 9 9 9 5 6
y = 1 . 3 7 8 5  X 1 0 " a x + 0 . 0 0 2 6 1  0 . 9 9 4 5 9
y = 9 . 5 4 8 5  X 1 0 " 3 x -  0 . 0 8 2 4 0  0 . 9 9 9 3 2
y = 1 . 1 3 6 2  X 10“ a x -  0 . 0 7 9 9 0  0 . 9 9 7 7 1
y = 2 . 8 7 9 8  X 10“ * x  + 0 . 2 6 3 0 5  
y = 3 . 2 9 2 0  X 1 0 " 22* + 0 . 4 0 2 9 0
0 . 9 8 9 8 7  
0 . 9 6 1 1 5
y = 2 . 3 6 7 8  X 1 0 " a x + 0 . 0 3 9 4 6  
y = 2 . 9 7 6 2  X l O - ^ x  -  0 . 2 2 6 6 7
0 .99797
0 . 9 9 8 4 4
y = 2 . 0 4 5 4  X 1 0 " 2 x + 0 . 0 0 0 9 4  
y = 2 . 5 3 7 2  X 10” * x  -  0 . 1 4 3 8 9
0 . 9 9 5 5 4  
0 . 9 8 7 6 6
y = 2 . 0 7 7 6  X 1 0 " 2 x -  0 . 2 3 4 2 2  0 . 9 9 7 8 2
y = 2 .  4 1 6 5  X 1 0 " 22*  -  0 . 2 3 8 2 0  0 . 9 9 6 5 3
y = 3 . 9331  X 1 0 " 3 x -  0 . 0 1 9 4 0  0 . 9 9 9 5 3
y - 5 . 3 4 3 4  X 10“ * x  -  0 . 0 8 6 5 0  0 . 9 9 5 9 2
Endr  i n 
A r e a  
Hei  g h t
y = 2 . 0 5 2 5  X 1 0 " 3 x -  0 . 0 1 6 2 9  
y = 2 . 1422  X 1 0~ 3 x -  0 . 0 1 6 3 9
0 . 9 9 8 7 4
0 . 9 9 8 9 7
2 46
T a b l e  13 ( c o n t d . )
PCB 118
A re a
H e i g h t
y= 1 . 6 6 6 1  X 10 ~ 2 >! + 0 . 1 5 3 5 3  
y = 1. 6 6 5 0  X 1 0 ~ 2 ;< + 0 . 2 5 3 3 4
0 . 9 9 9 8 2  
0 . 9 8 8 1 9
PCB 156  
A r e a  
Hei  g h t
y = 9 . 3 0 5 9  X 10 ~ 3 x + 0 . 0 0 2 4 1  
y = 1 . 1 8 5 7  X 10“ a x ~ 0 . 1 2 0 3 8
0 . 9 9 9 8 6  
0 . 9 9 7 8 3
PCB 157  
A re a  
Hei  g h t
y - 9 . 0 2 2 6  X 10“ 3 x + 0 . 0 5 6 6 0  
y = 1 . 0 2 2 6  X I O - ^ k + 0 . 0 1 6 7 4
0 . 9 9 9 6 8  
0 . 9 9 8 0 9
PCB 169  
A re a  
Hei  g h t
y - 6 . 4 6 6 0  X 10” 3 x + 0 . 0 6 6 4 3  
y - 6 . 6 4 4 5  X 10~3 x + 0 . 0 4 6 2 2
0 . 9 9 8 7 8  
0 . 9 9 8 7 8
PCB 189  
A re a  
Hei g h t
y = 4 . 7 3 2 0  X 10“ 3 x + 0 . 0 6 4 6 1  
y = 5 . 9 4 0 9  X 10“ 3 x -  0 . 0 0 6 6 7
0 . 9 9 5 8 6  
0 . 9 9 6 7 7
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IS Peak ftrea Ratio
12
0 0 ISO 320 480 833
Concentration (ng/wl)
Figure 31. Regression line for GC-MS calibration with




Figure 32. Regression line for GC-MS calibration with
hexachlorobenzene excluding the 700 ng/ml standard.
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p o i  n t  f  o r  HI C B a n d r  e -  c a 1 c u 1 a t  i n g 1 h e r  eg r e  s s i o n 1 i r ie  w i t  h 
t h e  r e m a i n in g  e i g h t  p a i n t s  g i v e s  a much b e t t e r  1 i n e a r  - f i t  
a n d a n a r  e a r  e g r  e s s io n  1 i n e o f :
y-~3. 16206  X 10 " 2 x -  0 .  0 4 3 1 1 8  r =0 .  99981
A p l a t  o f  t h i s  new a r e a  r e g r e s s i o n  l i n e  can be seen in  
F i g u r e  32 .
T h e re  was some e v i d e n c e  o f  t h i s  s l i g h t  " to p  end"  
c u r v a t u r e  f o r  o t h e r  a n a l y t e s  and t h i s  had re d u c e d  t h e  
c o r r e s p o n d i  ng c o r r e l  a t i  on c o e f f  i c i e n t s . These d e v i  a t i  ons  
•from l i n e a r i t y  were n o t  c o n s id e r e d  t o  be a m a jo r  drawback  
s i n c e  t h e  d e v i a t i o n s  were s m a l l  and f u r t h e r m o r e ,  i t  was 
n o t  e x p e c te d  t h a t  such h ig h  a n a l y t e  c o n c e n t r a t i o n s  would  
be? e n c o u n t e r e d  i n  m i l k  e x t r a c t s .
An a d d i t i o n a l  f a c t o r  i n  p r o d u c in g  s c a t t e r  i n  t h e  
c a l i b r a t i o n  1 i  nes was t h e  1ac k o f  f 1 at - 1op t u n i ng and t h e  
sub seque nt  d i s c o v e r y  t h a t  t h e r e  was a s l i g h t  l e a k  o f  t h e  
ac c e 1 e r a t  i n g v o l t  ag e h i g h t  en s i o n  f  ram t  h e mass 
s p e c t r o m e t e r  r e s u l t i n g  i n  d r i f t  i n  t h e  mass c a l i b r a t i o n .  
Desp i t e  t  h ese  p r o b 1ems, i t  was c ons i  d e r  ed t  h a t  t  h e 
r e s u l t s  p r o v i d e d  s u f f i c i e n t  e v i d e n c e  o f  l i n e a r i t y  o f  
re s p o n s e  w i t h  c o n c e n t r a t i o n  o v e r  a t  l e a s t  two o r d e r s  of  
m ag n i tu d e  c o v e r i n g  t h e  e x p e c t e d  r a n g e  o f  a n a l y t e  
c o n e e n t r a t i  ons.
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Some a n a l y t e s  te n d e d  t o  d i s p  1 ay s i  g n i f  i c a n t  n o n - z e r o
i n t e r c e p t s  which s t i l l  p e r s i s t e d  when o n l y  t h e  lo w e r
c o n c e n t r a t  i on po i  n t  (1 t o  10 ng m 1 :L) were  r e g r e s s e d  ■
C o n s e q u e n t ly ,  i t  was d e c id e d  t h a t  m i l k  a n a l y s e s  sh o u ld  be 
o a r  r  i e d o u t  u s i n g a t  w o p o i  n t  b r  a c k e t  i n g c a 1 i b r  a t  i o n 
t  ec h n i  q u e . A l l  an a 1y ses  wer e sub se quen 1 1y c a r  r  i ed ou t  
u s in g  t h e  70 ng m l -1  s t a n d a r d  and t h e  7 ng ml"'"1 s t a n d a r d .  
The 7 ng m l -1 s t a n d a r d  s e r v e d  t o  anchor  t h e  lo w e r  end o f  
t h e  c a l i b r a t i o n .  O c c a s i o n a l l y ,  a n a l y t e  c o n c e n t r a t i o n s  in  
t h e  samp 1 es  f  e l  1 outs. i  de t h i  s ra n g e  and q u a n t i  t a t i  on had 
t o  be c a r r i e d  o u t  by e x t r a p o l a t i o n  o-f t h e  c a l i b r a t i o n ;  
t h  i  s was p a r  t  i cu 1 a r  1 y t  r  ue -f o r  p , p ' -DDE wh i ch r  o u t  i ne 1 y 
gave a n a l y t e  c o n c e n t r a t i o n s  w e l l  above 70 ng m l” 1 ( t a k i n g  
i n t o  acc o u n t  t h e  a p p r o x i m a t e l y  1 0 - f o l d  c o n c e n t r a t i o n  s te p  
i n  t h e  sample  w o r k - u p ) .  I d e a l l y ,  many more th a n  two  
s t a n d a r d s  would be a n a ly s e d  w i t h  t h e  s a m p le s ,  bu t  l i m i t e d  
a c c e s s  t o  t h e  GC-MS system  p r e v e n t e d  t h i s .
Th e r  eg r  ess io n  l i n e s  f o r  peak h e i g h t  r a t i o  ag a i n s t  
cone en t  r  a t  ion  g e n e r a l l y  gave  s i m i l a r  r  e s u 11 s t  o t  he p ea k 
a r e a  d a t a .  Peak h e i g h t  r a t i o  p r e c i s i o n  (as  e v id e n c e d  by 
t h e  c o r r e l a t i o n  c o e f f i c i e n t s )  t en d ed  t o  be p o o r e r  th a n  
t h o s e  f o r  t h e  a r e a  d a t a  as e x p e c t e d ,  a l t h o u g h  t h e r e  were  
a few  e x c e p t i o n s  t o  t h i s .
L i m i t s  o f  q u a n t i t a t i o n  w ere  n o t  r i g o r o u s l y  d e t e r m in e d  b u t  
were e s t i m a t e d  t o  be around  0 . 1  ng m l” 1 o r  b e t t e r  in  
w hole  m i l k  ( i . e .  about  1 ng m l” 1 in  t h e  f i n a l  e x t r a c t )
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f  a r  a l l  a n a 1 y t  e s a s s u m i n g a :l 0 )..i 1 i n j  e c t  i o n v o 1 u m e .
D i e 1 d r  i n an d end r  i n , however won 1 d ta e qu i t  e d i f f i c u l t  t o  
q u a n t i f y  a t  t h i s  l e v e l  due t o  t h e  weakness o f  t h e  m /z = 2 6 3  
i  on used f o r  t h  e i r  d e t e c 1 1o n .
The p ro b lem  o f  q u a n t i f y i n g  " t o t a l  RGBs" was d i f f i c u l t  t o  
a d d re s s -  An e f f e c t i v e  method i s  t o  q u a n t i f y  each isom er  
group w i t h  a s u r r o g a t e  s t a n d a r d  f o r  each l e v e l  o f  
c h l o r i n a t i o n  (see  S e c t i o n  5 . 1 . 2 . 5 . )  b u t  t h e  SIM c o n t r o l  
s cdf t w a r e  p r o v i  ded wi tIn t h e  mass s p e c t r a m e t e r  system  on 1 y 
a l l  cd w e d t  e n i o n s t  o b e m o n i t  o r  e d s i m u 11 a n e o u s 1 y u n d e r  
SIM ,  and n i n e  o f  t h e s e  ( i n c l u d i n g  t h r e e  PCB io n  masses)
were a 1 r e a d y  in  u s e » F u r t h e r m o r e ,  s u i t a b  1.e s u r r o g a t e
s t a n d a r d s  were n o t  r e a d i l y  a v a l  l a b  Its. I t  was,  t h e r e f o r e ,  
d e c id e d  t o  q u a n t i f y  " t o t a l  PCBs" u s in g  a m o d i f i c a t i o n  o f  
t h e  s u r r o g a t e  s t a n d a r d  t e c h n i q u e .  I t  was known t h a t  t h e  
m a j o r i t y  o f  PCB c o n g e n e rs  i n  human m i l k  t e n d e d  t o  be 
qui t e  h i g h l y  c h l o r i n a t e d  and A r o c 1 or  1260 i  s common1y 
used as a " p a t t e r n  m a tc h in g "  s t a n d a r d  f o r  q u a n t i t a t i o n  o f  
PCBs in  m i l k .  The i o n s  a l r e a d y  m o n i to r e d  i n  t h e  SIM  
method were c h a r a c t e r  i s t i  c o f  p e n t a c h 1 oro-~ , h e x a c h 1 o r o -  
and h e p t a c h 1 orob iphen  y I  s and t h e s e  t h r e e  i  somer group s 
a cc o u n t  f o r  about  927. by mass {1533- o f  t h e  t o t a l  PCBs i n  
Ar o c 1 or  1260 .  Con se quen11y , i t  was d ec i d ed t  o use o n I y
t  h e s e t  I'D r  e e i s o m e r  g r  o u p s f  o r  t  h e '' t  o t  a 1 P C B1
q u a n t i t a t i o n .  Hence q u a n tita tio n  was e f f e c t e d  by a n a l y s i n g  
a s t a n d a r d  s o l u t i o n  o f  A r o c l o r  1260 (250  ng ml~':L w i t h
5 6 . 5 4  ng ml” 1 4 , 4 ' - d ib r o m o b i p h e n y l  as i n t e r n a l  s t a n d a r d )
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u s i  ng t h e  BI lvl m0 1.h□ d a 1 r  0 ady d e s c r  i b0 d . Th 0  t a t  a 1 a r  0 as  
f  0  r  p 0  n t  a - ,  he x a -  a n d h 0  p t  a c:: h 1 □ r  o b i p In 0  n y 1 p 0  a k s w 0  r  0  
measured and a l l  t h r e e  t o t a l s  were summed t o  g i v e  a grand  
t o t a l  a r e a .  T h i s  g rand t o t a l  a r e a  was d i v i d e d  by t h e  
i n t  e i'- n a 1 s t  a n d a r  d a r  e a t  o g i v e  a g r  a n d t o t a l  a r  e a r  a t  i o 
■for t  h e s t  a n d a r  d . A g r  a n d t  o t  a 1 a r  e a r  a t  i o w a s c a 1 c u 3. a t  e d 
i n t  h 0  same manner f  o r  t h e  samp10 s an d " t  o t  a 1 PCB1
quant  i t a t  i on was e f  f  e c t e d  by d i r e 0 t  compar i son o f  t h e
sam ple  r a t i o  t o  t h e  s t a n d a r d  r a t i o  assuming a z e r o
i n t e r c e p t  and p e r - fe c t  l i n e a r i t y  i n  t h e  A r o c l o r  
c a 1 i b r  a t  i o n . T h u s " t o  t  a 1 PCB" c o n c e n t  r a t i  o n w a s e x p r  e s s e d 
i n  n g ml “ 1 Ar oc: l o r  1260 .
T h i  s a p p r  o a c h t  o P C B q u a n t  i t  a t  i o n d o e s h a v e d r  a w b a c I-:: s s 
F i r s t l y ,  i t  i g n o r e s  many isom er  g r o u p s ,  a l t h o u g h  o t h e r
isom er  groups p r o b a b l y  do n o t  c o n t r i b u t e  v e r y  much t o  t h e  
t o t a l  PCB burden in  human m i l k .  S e c o n d ly ,  i t  assumes z e r o  
i n t e r c e p t  and p e r f e c t  l i n e a r i t y  i n  t h e  c a l i b r a t i o n ;  t h i s
i s p r  o b a b l y  n o t  t  o o u n r  e a 1 i s t i c  b u t  t. h e u s e o f  o n 1 y o n e
s t a n d a r d  d u r i n g  a run o-f sam ples  i s  bound t o  i n t r o d u c e
some e r r o r  i n  q u a n t i t a t i o n .  T h i r d l y ,  t h e  " t o t a l  PCB" 
f i g u r e  pr  oduced i s o f  1 i t t i e  tox  i  c o 1og i c a 1 v a 1ue and i s 
n o t  d i r e c t 1y c omp a r  a b 1e w i t h  f  i g u r e s  p r  od uc ed by a t h  e r  
methods.  O v e r a l l ,  t h e  method i s  p r o b a b l y  b e s t  r e g a r d e d  as  
a s e m i -  q u a n t i  t  a t  i v e m e t  h o cl f  o r  t  In e '' t  o t  a 1 P C B " a n a 1 y i s 
of  human m i l k .  I t  sh o u ld  be bo rn e  in  m ind ,  h o w e v e r ,  t h a t  
t  he t  a r  g e t  PCB c o n g en ers  ( PCBs 118 ,  156 ,  157 ,  169 and
189) wer e a l l  quant  i f  i ed as i n d i v i d u a l  an a 1y t  es
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i n d e p e n d e n t  o-f t h e  " t o t a l  PCB" d e t e r m i n a t i o n .  O-f course.,  
t  h e u 11 i  m a t  e '' t  o t  a 1 P C B " a n a 1 y s i s i  s a c o n g e n e r  -  s p e c i f  i c 
d e t  e r m in  a t  i on o f  a l l  209  con g e n e r s .
?jl? .  s e l e c t i v i t y  o f  GC-MS c ompared t o GC-ECD.
In  o r d e r  t o  c o n f i r m  t h e  need f o r  t h e  s e l e c t i v i t y  o f f e r e d  
by GC-MS S IM ,  a m i l k  e x t r a c t  was prespared u s in g  t h e  
S o x h l e t  e x t r a c t i o n  and HPLC c l e a n - u p  a l r e a d y  d e s c r i b e d .  
The? e x t r a c t  was a n a ly s e d  u s in g  GC-ECD w i t h  a 25m 0 9 - 1 7
column und er  the? c o n d i t i o n s  d e s c r i b e d  i n  S e c t i o n  5 . 2 . 2 . 7 .  
and a l s o  by GC-MS SIM w i t h  a 15 m DB-210  column as  
d e s c r i b e d  i n  S e c t i o n  5 . 2 . 2 . 7 . .  The ECD chromatogram i s
shown i n  Figure? 3 3 .  I t  can be seen t h a t  a l t h o u g h  some? 
a n a l y t e s  c o u ld  be q u a n t i f i e d  f ro m  t h i s ,  on the? whole? 
t h e r e  i s  t o o  much i n t e r f e r e n c e  and t h e  e x t r a c t  would have  
t o  be s u b j e c t e d  t o  f u r t h e r  c l e a n - u p  and f r a c t i o n a t i a n  
b e f o r e  GC-ECD d e t e r m i n a t i o n .  F i g u r e  34 shows t h e  s e l e c t e d  
io n  chrom atogram s produced  by the? same? m i l k  sample  
a n a ly s e d  by GC-MS SIM m o n i t o r i n g  i o n s  o f  m/z -™ 3 2 6 ,  2S4  
and 183 which  a r e  c h a r a c t e r i s t i c  o f  p e n t a c h l o r o b i p h e n y l s , 
HCB and HCHs r e s p e c t i v e l y . These chrom atogram s a r e  
n o r m a l is e d  t o  t h e  l a r g e s t  peak i n  each .  I t  can be seen  
t h a t  t h e  GC-MS SIM method p r o v i d e s  much enhanced  
s e l e c t i v i t y  and q u a n t i t a t i o n  o f  a l l  t a r g e t  a n a l y t e s  can
be c a r r i e d  o u t  w i t h o u t  f u r t h e r  c l e a n - u p  or  f r a c t i o n a t i o n .  
The m/z = 326  mass fragmentogram shows t h e  p r e s e n c e  of  
some s m a l l  i n t e r f e r i n g  h e x a c h l o r o b i p h e n y l  f r a g m e n t  i o n s .
D i e  1 d r i  n
H C B I n t .  s t dH C H p , p ' D D E
4-Dt - H C H
V a r i o u s  P C B  c o n g e n e r s
Mins
Time after injection 
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Figure 34 (contd.)
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T h e s 0  f  r  a g m 0  n t  i  o n s a p p 0  a r  i n t  h 0  c h r  o m a 1 0  g r  a m b 0  cr. a u s 0  
t  l"i e h 0  x a c h 1 □ r  □ b i p h 0  n y 1 s f  r  o m w h i c:: h t  h 0  y a r  0  d 0  r  :L v 0  d a r  0  
p r e s e n t  a t  much h i g h e r  c o n c e n t r a t i o n s  th a n  t h e
p 0 n t a c h  1 o r o b i  ph0 n y I  b and s 0  t h 0  CM-C1 * i  0 ns p r o d u c 0 d a t  
m/ 2  326  sha w up ,  b u t  t h i s  i n 1 0 r f  0 r 0 nc 0  i s  o f  I i 11X 0
p r a c t i c a l  s i g n i f i c a n c e .  The e x p e c te d  h e p t a c h l o r o b i  pheny l  
i 0 ns a t  m/z SS! 326  a r  0  a 1 s 0  v i  s i  b 10 .
In  t h e  mass -fragmentogram f o r  m/z 183 ,  t h e r e  a r e  some 
u n i d e n t  i f  i 0  d m a t  e r  i a 1 s w h i c h 0 1 u 1 0  a f  1 0  r  t  h 0  H C H s . T h i s 
was n o t  e n t i r e l y  u n e x p e c te d  when m o n i t o r i n g  a lo w ,  odd 
mass io n  and s i n c e  t h e  HCIHs a r e  r e s o l v e d  
chrom atographi i  ca 11 y f rom  t h 0 s 0  unknowns, thi0  p r 0 s 0 nc 0  o f  
t h e s e  u n i d e n t i f i e d  m a t e r i a l s  in  thi0  e x t r a c t s  i s  o f  no 
consequence .
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6 . ANALYTICAL PROCEDURES AND RECOVERY STUD I ES..
6 . 1 .  I n t r o d u c t i o n .
I  n t  h i s sec t  i on , a -for ma 1 a n a l y t i c s  1 p r  oc ed ur  e f  o r  t  h e 
a n a l y s i s  o f  o r g a n o c h l o r i n e  r e s i d u e s  i n  human m i l k  i s  
p r e s e n t e d .  T h i s  p r o c e d u r e  was th e n  employed i n  t h e  
a n a l y s i s  o f  f i v e  o r g a n o h a l o g e n / 1 i p i d  sam ples  in  o r d e r  t o  
a s s e s s  t h e  p e r f o r m a n c e  o f  t h e  method.  M i l k  s p i k e s  were  
n o t  used because t h e  f i n a l  e x t r a c t s  were t o  be a n a ly s e d  
by b o th  GC-ECD and GC-MS and m i l k  e x t r a c t s  p r e p a r e d  u s in g  
t h e  method d e s c r i b e d  a r e  n o t  d i r e c t l y  am enable  t o  
a n a l y s i s  by GC-ECD on a c c o u n t  o f  i n t e r f e r e n c e s  i n  t h e  
e x t r a c t .  S in c e  t h e  a d d i t i o n  o f  a f u r t h e r  c l e a n - u p  s t e p  
was n o t  d e s i r a b l e ,  t h e  e x t r a c t i o n s  were  p e r fo rm e d  on 
a d s o r b e n t s  s p i k e d  w i t h  t h e  t a r g e t  a n a l y t e s  t o g e t h e r  w i t h  
a known amount o f  t r i g l y c e r i d e  and d i s t i l l e d  w a te r  t o  
mimic t h e  l i p i d  and aqueous c o n t e n t  o f  m i l k .  From t h e s e  
e x t r a c t s ,  r e c o v e r y  d a t a  f o r  l i p i d  and o rg a n o h a lo g e n  
r e s i d u e s  were o b t a i n e d  u s in g  both  ECD and MS d e t e c t i o n .  
A l l  s o l v e n t s  w ere  o f  HPLC g r a d e .
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6 . 2 .  The A n a l y s i s  o f  Human . . . M i l k  Samp 1 es f o r  Res ic lues □ f
Q rga n□ ch 1 o r  i ne Pes t  i c i c:les and Po 1 ych 1 qr  i n a t e d  Bi pheny 1 s .
6 . 2 _lj. Ana l y t i c a l  p.r o c edu r e «
6 . 2 .  1. 1. P r  e p a r  a t  i o n a f  a d o r  b e n t .
The a d s o r b e n t  s u b s t r a t e  f o r  t h e  e x t r a c t i o n  was p r e p a r e d  
by m i  x i n g 6 0 - 1 0 0  m e s h ( A 8 T M) F 1 o r  i s i 1 w i t  h f  i b r  o u 
c e l l u l o s e  (c h ro m a to g ra p h y  g ra d e )  in  a 1 s 1 r a t i o  by 
volum e.  M ix i n g  w a s c a r  r  i  e d o u t  i n a g 1 a s s m o r  t  a r . I  h e 
adsorb  e n t  w a s 8 o x h 1 e t  e x t  r  a c t  e d o v e r  n i g h t  w i t  l"i h e p t  a n e 
and d r i e d  i n  a vacuum oven a t  80°C  u n t i l  a - f r e e - f l o w i n g  
powder was o b t a i n e d .  T h i s  was th e n  s t o r e d  in  an a i r t i g h t  
brown g 1 ass j a r .
Not e ; The c e l l u l o s e  used was m a n u fa c tu r e d  f ro m  a p l a n t  
sour  ce ( as d e t  e r  mi ned by m i c r  osc op i c a 1 ex am i n a t i o n )  and 
was a p p r o x i m a t e l y  25  y e a r s  o l d .  As a c on seque nce ,  p r i o r  
t o  e x t r a c t i o n  t h e  c e l l u l o s e  was’ found t o  c o n t a i n  
con s id e rab les  r e s i d u e s  o f  l i n d a n e  (gamma-HCH) and 
di  e 1 d r i  n . A f t e r  e x t r a c t i  o n , r e s i  dues o f  t h e s e  m a t e r i  a 1s 
were much reduced  and b l a n k  d e t e r m i n a t i o n s  were:? used t o  
c o r r e c t  f o r  any r e m a i n in g  c o n t a m i n a t i o n .  I t  i s  t o  be 
hoped t h a t  newer b a t c h e s  o f  f i b r o u s  c e l l u l o s e  would no t  
p r e s e n t  such a p ro b le m .
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6 - 2 . 1 .  2 .  Col 1 e c t i a n  arid s t o r a g e  ofl;iumain m i l k  sam p le s.
Samples were c o l l e c t e d  -from women a t t e n d i n g  p o s t - n a t a l  
c l i n i c s  i n  t h e  Bath a r e a ,  M i l k  was e x p re s s e d  i n t o  
s t e r i l i s e d  g l a s s  j a r s  w i t h  a i r t i g h t  ca p s .  Samples were  
deep - frozen a t  t h e  e a r l i e s t  p o s s i b l e  o p p o r t u n i t y .
Donors wer e a 1 so ask ed t  o c amp 1 e t  e a b r  i  e-f q u e s t  i on n a i r  e 
g i v i n g  a s h o r  t  h i s t  a r  y o -f w h e r e  t  h e y h a v e l i v e d  s i n c e 
b i r  t  h , t  y p e s o f  o c c u p a t  i o n u n d e r  t  a k e n a n d a n y e x p o s u r  e t  o 
p e s t i c i d e s  t o g e t h e r  w i t h  o t h e r  d e t a i l s .  A copy o f  t h e
q u e s t  i onna i r e  i s g i ven i n ap p end i x 4.
Of m i l k .
For  each m i l k  r u n ,  s i x  e x t r a c t s  were p r e p a r e d ;  two  
d i f  f e r e n t  m i l k  samp1e s , bo th  i n  dup1 i c a t e  p 1 us a b 1 ank 
a d s o r b e n t  and a s p ik e d  a d s o r b e n t .
1) D u r in g  s t o r a g e ,  m i l k  'sam ples  were deep -f rozen in  
s t e r i l i s e d ,  a i r t i g h t  g l a s s  j a r s .  B e f o r e  a n a l y s i s ,  t h e  
sam ples  were thawed a f t e r  which t h e y  were shaken  
t  h o r  o u g h 1 y t  o e n s u r  e s a m p 1 e h o m o g e n e i t  y .
2)  A c l e a n ,  d r y  g l a s s  p e s t l e  and m o r ta r  was s e t  ou t  f o r
e a c h sample  a nd i  n t  o eac h was p l a c e d  2 / 3  o f  a 30  x 80 mm
Sox h 1 e t  t  h i mb 1 e f  u 1 o f  t  h os ad sorb  en t  ( q . v . ) .
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3) An a l i q u o t  o f  1 0 . 0  ml •for each m i l k  sample  was 
p i p e t t e d ,  u s in g  a b u lb  p i p e t t e ,  i n t o  a c l e a n ,  d r y ,  t a r e d  
10 ft) 1 b e a k e r  a n d 11") e w e i g I") t  o f  ft) i  1 k w a s r  e c o r  d e d . F r  o m 
t  h i s , t  h e d e n s i t  y o -f t  h e m i l  k w a s c a 1 c u 1 a t  e d .
4) T h e w e i g h e d m i l  k s a m p 1 e s were p o u r  e d f  r  o m t  h e i r  
b e a k e r s  o n to  t h e  a d s o r b e n t  i n  t h e  m o r t a r s  and t h e  b e a k e r s  
were  r e - w e i g h e d  t o  d e t e r m i n e  t h e  amount o-f m i l k  on t h e  
a d s o r b e n t .
5) Af t e r  add i  ng m i l  k t o  t h e  a d s o r b e n t , t h e  c o n t e n t s  o-f 
t h e  m o r ta r  were  mixed t h o r o u g h l y  t o  e n s u r e  an even  
d i s t  r  i b u t  i o n o f  m i 1 k t  h r  o u g h o u t  t  h e s u b s t  r  a t  e .
6) A n o th e r  g l a s s  m o r ta r  was p r e p a r e d  and a d s o r b e n t  was
added as f o r  t h e  m i l k  s am p les .  To t h i s  a d s o r b e n t  was
added 10 ml o f  g l a s s - d i s t i l l e d  w a te r  f o l l o w e d  by 2 . 0  ml 
(b u lb  p i p e t t e )  o f  a ISO mg ml"'"1 s o l u t i o n  o f  t r  i g l  y c e r  i des  
( W i t e p s o l  H IS )  in  h e p ta n e  and 1 . 0  ml (b u lb  p i p e t t e )  o f  an 
o r  g a n o h a 1 o g e n a n a 1 y t  e s p i k i n g s o 1 u t  i  o n i n h e p t  a n e . T h i s 
s p i k i n g  s o l u t i o n  c o n t a i n e d  a p p r o x i m a t e l y  50  ng ml 1 of  
each o f  t h e  t a r g e t  a n a l y t e s  ( t h e  amount o f  each s o l u t e  in  
t h e  s p i k i n g  s o l u t i o n  was known a c c u r a t e l y ) .  T h i s  sample  
s e r v e d  as t h e  r e c o v e r y  s t a n d a r d  e x t r a c t .
7) A f t e r  m i x i n g ,  t h e  m i l k  sam ples  and s p i k e  were p l a c e d  
i n  a f a n  oven a t  6 0 <rjC i n  o r d e r  t o  d r i v e  o f f  t h e  m a j o r i t y  
of t h e  w a t e r .  The sam ples  were l e f t  in  t h e  oven f o r  about
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30 mi n u t e s  and w ere  r e - mi xed a c c a s i  □ n a l l y  t.o p rom ote  
d r y i n g .  Dr y i ng w as n o t  usla a l l y  c omp 1 0 1 0 .
8 > Af t 0 r  d r y  :L ng , t.h0  ad s o r  b0 n t  samp 10 s w0 r  0  t  r  a n s f  0 r  r  0 d
q u a n t i t a t i v e l y  t o  30 x 80 mm c e l l u l o s e  S o x h l e t  t h i m b l e s
w i t h  3 x 2 ml hexane  w a s h in g s .  Care  was t a k e n  t o  e n s u r e
t h a t  as much o f  t h e  a d s o r b e n t  as p o s s i b l e  was 
t  r  a n s f  0  r  r  e d . I  h 0  w a s h i n g s f r o  m t  h 0  m o r  t  a r  s w 0  r  0  p o u r  0  d 
d i r e c t l y  i n t o  t h e  t h i m b l e s .
9)  A b 1 ank samp10  a f  a d s o r b e n t  was p 1 a c 0 d i n a Soxh10 1
t h i m b l e  and was t h e r e a f t e r  t r e a t e d  as a m i l k  sam ple .
10) The sam ples  w ere  S o x h l e t  e x t r a c t e d  o v e r n i g h t  w i t h
a b o u t  120 ml o-f hexane  a t  a c y c l i n g  r a t e  o f  about  30 t o
40  c y c l e s  h " 1 . S m al l  g l a s s  s p a c e r s  were p l a c e d  b e n e a th  
t h e  t h i m b l e s  t o  p rom ote  e - f - f i c i e n t  d r a i n i n g .  D u r in g  
0  x t  r  a c t  i o n , t h e  m i l k  samp1es 1 0 nd 0  d t  o t  u rn  s t  ra w - b r o  wn. 
Much o-f t h i s  c o l o u r  was r e t a i n e d  by t h e  a d s o r b e n t  bu t  
s o m e c o 1 o la r a t i o n  a 1 ways passed in  t  o t  h e e x t  r  a c t . R e s i d la a 1 
w a t e r  ten d ed  t o  c r e e p  i n t o  t h e  e x t r a c t o r  s i p h o n ,  b u t  no
w a t e r  was e v e r  seen i n  t h e  e x t r a c t  a t  t h i s  s t a g e .
11) The e x t r a c t s  were -f i 11 e r  0  d t  h r  o u g h a h e x a n e -- w a s h 0  d 
What m a n N o . 1 -f i 11 e r  i n t  o 250  m 1 K u d e r  n a -  D a n i h 
e v a p o r  a t  o r  s w i t h  10 ml g r  a d u a t  e d r  0  c e i v 0  r  t  la b e s , 
E x t r a c t i o n  f l a s k s  were washed w i t h  3 x '3 ml o f  hexane? and 
t h e s e  wash i ng s wer e ad ded t o  t h e  ex t r a c t  s throlaghi t h e
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■ f i l t e r .  The f i l t e r  was th e n  washed w i t h  abo u t  5 ml hexane  
and th  i s was comb i ned wi thi t h e  ex t r a c t  -
12) Twoba 11 Snyder co 1 umns (180 mm) were pi aced on top 
of  t h e  e v a p o r a t o r s  and t h e  hexane was e v a p o r a t e d  o f f
us i  ng a steam c h e s t  a t  a b o u t  0 0 <r>C.
The f i r s t  few samples  p ro c e s s e d  were e v a p o r a t e d  t o  about  
1 , 3  m l ,  b u t  i t  was found  t h a t  t h e  l i p i d  c o n c e n t r a t i o n  in  
some mi 1 k e x t r a c t s  became t o o  h ig h  f o r  t h e  hiPLG c l  ean - up 
w hen such a low v o 1ume ex t  r  ac t  was p r e  p a r e d , 
C o n s e q u e n t ly ,  l a t e r  m i l k  sam ples  were e v a p o r a t e d  t o  about  
3 ml and were c le a n e d  up i n  two p a r t s  on t h e  HPLC.
A f  u r  t  h e r  p r  o b 1 e m e n c o la n t  e r  e d d u r  i n g t  h e c o n c e n t  r  a t  i o n o f
t h e  sam ples  was s p a t t e r i n g  o f  t h e  e x t r a c t  w i t h i n  t h e
e v a p o r a t o r ,  p a r t i c u l a r l y  when t h e  e x t r a c t  volume was low  
and c o n t a i n e d  e n t i r e l y  w i t h i n  t h e  r e c e i v e r  t u b e .  High  
1 i p i d c o n t  e n t  a 1 s o s e e m os d t  o b e a f  a c t  o r  i n p r  o m o t  i n g 
s p a 11 e r i n g .  T h i s  w a s a s os r  i o u s p r  o b 1 e m s i n  c:: e s a m p 1 e 
l o s s e s  c o u ld  be h ig h  d e s p i t e  washing down t h e  e v a p o r a t o r  
w a l l s .  P u t t i  ng a s i  n g 1e a n t  i -bump i ng g r a n u l e  i n t h e  
r e c e i v e r  t u b e  seemed t o  re d u c e  s p a t t e r i n g  b u t  d id  no t  
p r e v e n t  i t .  The o n l y  s a t i s f a c t o r y  s o l u t i o n  was t o  remove  
t h e  rosce iver  t u b e  onc e t h  os ex t r  a c t  was c o n t  a i  ned e n t  i r e  1 y 
w i t h i n  t  h e I a 11 os r  a n d t  h e n r  os d la c e t  h e <s x t  r  a c t  t  o t  h e 
d e s i r e d  volLAme by e v a p o r a t i o n  o v e r  c l e a n ,  d r y  a i r .
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O c c a s i o n a l l y ,  v e r y  s m a l l  amounts o f  w a te r  were found in  
t h e  r e c e i v e r  t u b e .  When t h i s  occurred, t h e  w a te r  was l e f t
1 n t  h e t  uto e to u t  was n o t  i n j  ec t  ed w i t  h t  he ex t  r  a c t  d u r  i n g 
HPLG c l e a n - u p .
13) T li e low v o 1 u m e e x t  r  a c t  s w e r  e c 1 e a n e d u p u s i n g t  h e
HP-GPC system d e s c r i b e d  in  S e c t i o n  4 . 2 . 2 . .  W i th
2 0 i 8 0"/. v /  v p r  a p a n -  2 -  o 1: n -  h e p t  a n e a s t  h e m o b i 1 e 
p h a s e , s amp1es were 1 a11 e r 1y c 1e an ed up a v e r  t  wo 
i n j e c t i o n s  t o  accommodate any sam ples  o f  h ig h  l i p i d  
c o n t e n t . The f  i r s t  i  n j e c t i  on wou 1 d be o f  abo u t  2 . 0  ml and
t h e  f r a c t i o n s  would  be c o l l e c t e d  as u s u a l .  The second  
i n j e c t i o n  would c o n s i s t  o f  t h e  r e m a in d e r  o f  t h e  e x t r a c t  
(a b o u t  1 ml) which  would be load ed  i n t o  t h e  i n j e c t o r  
l o o p .  The r e c e i v e r  t u b e  would th e n  be washed w i t h  0 . 4  ml 
o f  m o b i le  phase and t h i s  would be drawn i n t o  t h e
i n j e c t i o n  s y r i n g e  l e a v i n g  any w a t e r  b e h i n d ,  s w i r l e d
w i t h i n  t h e  b a r r e l  o f  t h e  s y r i n g e ,  t h e  m a j o r i t y  o f  t h e  a i r  
e x p e l l e d  (b e in g  c a r e f u l  n o t  t o  l o s e  any o f  t h e  w ash ing)  
and t  hen ad ded t  o t  he sample  i n t  h e 1o o p . A f  u r  t  h e r  
0 . 4  ml w ashing would  th e n  be c a r r i e d  o u t  and added t o  t h e  
sam ple  i n  t h e  l o o p .  I n e v i t a b l y ,  some a i r  was a lw a y s  
i n j e c t e d  b u t  t h i s  d i d  n o t  seem t o  cause  any p r o b le m s .  
F r  a c t  i ons would  t  h en be co l  1e c t  ed as  u s u a 1. The
c o r r e s p o n d i n g  f r a c t i o n s  f rom  t h e  f i r s t  and second  
i n j  e c t  i ons o f  a sam pie  w ere  c ombi n e d .
14) To t h e  o r g a n o h a lo g e n  f r a c t i o n  was added 1 . 0  ml (b u lb
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p i p 0 t 1 0 ) o f  a s o I i.i t. i □ n o f  5 0 n g m 1 “ 1 (no en i n a 1 ) 4 , 4  ' 
d :i. b r  o m g  b i p h e n y 1 i n h e p t  a n e a is i n t  @ r  n a 3. s t  a n d a r  d , T h 0 
s o 1 la i  i □ n w a is t  h 0 n 0 v a p o r  a 1 0 d t  o a b o la t  1. 0 m 1 o v 0 r  c 10 a n , 
d r y  a i r  a t  about  4 0 <::>C. The e x t r a c t  was th e n  re a d ' /  f o r  
(3 G -  lvl S a n a 1 y is i s a is d 0 is c r  i Is 0 c;:l i n El 0 c t  i o n is 5 . 2 « 2 . 7 . a n d
5.  2 .  2 .  8 .  . M:L 1 k 0x t r a c t i s  w0r 0 f  req laen11 y y 0 11 ow in  c □ 1 □ lar 
a t  t  h i s  s t a g e  b u t  t  h i is d i ci n o t  s e 0 m t  o a ci v 0 r  is 0 1 y a f  f  e c t  
t  h 0  G G ™ M S d 0 1 0  r  m i n a t  i o n .
E x t r a c t s  a lw a y s  produced t r a c e s  o f  a w h i t e  p r e c i p i t a t e  an 
r e d u c in g  t h e  volume o f  t h e  HPLC f r a c t i o n  t o  ab o u t  1 . 0  ml.  
T h i s  p r  e c i  p i t  a t  e was f  aun d t  o d e r i v e  f rom  t  h 0  HPLC g rad  e 
s o l v e n t s  t h e m s e l v e s .  T h i s  s l i g h t  p r e c i p i t a t e  d id  n o t  seem 
t  o a ci v e r  is 0 1 y a f  f  0  c t  t  h 0  q u a n t  i t  a t  i o n ,  b la t  h i g In 0  r  g r  a d 0  
s o l v e n t  s wou 1 d b e a d 0  is i r  ab 1 e , t  h o u g h c a is 1 1 y , 
m o d i f i c a t i o n  of  t h e  method.
B1 o c k a g 0 o f  t  h e H P L G s y s t  e m w a is f  r  0 q u e n 1 1 y e n c o u n 1 0 r  0 d . 
Gamp 1 e is we r e  to o  v i  s c ous t o  be f  i 11e r 0d t h r o u gh m0mbra n0 
f i  11e r s  befcar0 i n j e c t i o n  and p r e - f i  1 t e r i n g  wouId probab 1 y 
have g iv e n  r i s e  t o  sam ple  l o s s e s  anyway. An i n - l i n e  
f  i 11 e r  w a s a 1 w a y s p 1 a c 0 ci i m m 0 d i a 101 y a f  10 r  t  h 0 i n j  0 c t  o r  
1 caop and t h i s  10nd0ci t o  b0c:ome b 1 cdck0ci a f 10 r  cdn 1 y a few  
i n j e c t i o n s .  B a c k - f l u s h i n g  o f  t h e  f i l t e r  a lw a y s  c l e a r e d  
t h e  o b s t r u c t i o n  b u t  t h i s  was t i m e  consuming and caused  
w 0 a r  cd f  t  h 0 c o u p l i n g  s 3 a b a  c k —f 1 la s h i n g v a l v e  is y is 10 m w o u 1 d 
have been a u s e f u l  a d d i t i o n .
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11 w a s f  □ u n d t  h a t  t  h e t  i m i n g o f  t  h e s w i t  c h f  r  o m t  h e 1 :L p i d 
f  r  a c t  i o n t  g t  h e o r  g a n o h a l o  g e n f  r  a c t  i o n w a s c r  i t  i c: a 1 
d e s p i t e  t h e  use o f  t h e  Rl  d e t e c t o r  and c h a r t  r e c o r d e r  as  
a n a i  d t  o f  r  a c t  i o n t  i m i n g . D u r  i n g Q C ~ M 8 a n a 1 y s .i s , b a n d 
b r  o a d e n :i. n g o r ,  r  a r  e 1 y , s p 1 i 11 i n g a f  t  h e b e t  a -  H C H a n d t  h e 
i n t e r n a l  s t a n d a r d  4 , 4 ' - d i  bromobi pheny l  peaks was o bs erved  
w i t  h some m i1 k s a m p le s .  11 was assumed t  h a t  t  h i s was d ue 
t o  s l i g h t  r e s i d u e s  o f  l i p i d  i n  t h e  e x t r a c t  a l t h o u g h  i t  
was c o n s i  d e red  s t r a n g e  t h a t -  on 1 y t h e s e  two <:::omponents  
w ere  a f f e c t e d .  A l o n g e r  HPLC column would g i v e  g r e a t e r  
r e s o l u t i o n  b u t  would  a l s o  i n c r e a s e  s o l v e n t  consum pt ion  
s i i  g h t 1y .
I t  was r e a l i s e d  t h a t  a f t e r  HPLC c l e a n - u p  t h e  e x t r a c t s  
were d i sso 1 ved i n 20 :  807. v / v p r o p a n - 2 - o  1 : n - -h e p ta n e . Af t e r  
e v a p o r a t  io n  t o  a b a u t  1 ml t h e  composi t  i an o f  t h e  s a 1v e n t  
wouId  be q u i t e  d i f  f e r  en t  and would p r  oba b1y c on t  a in  a 
much h i g h e r  p r o p o r t i o n  o f  p r o p a n - 2 - o l .  T h i s  co u ld  
c o n c e i v a b l y  a f f e c t  t h e  q u a l i t y  o f  t h e  GC i n j e c t i o n  w i t h  a 
GC method d e s ig n e d  f o r  t h e  i n j e c t i o n  o f  h e p ta n e  
s o 1u t i  on s , e s p e c i a l l y  when a 1a r g e  i n j  e c t  i  on v o 1ume i s 
used .  However ,  i f  t h e  s o l v e n t  was t h e  s o u rc e  o f  t h e  band 
b r o a d e n in g  p r o b 1em, i t  wou1d be e x p e c te d  in  a 11 samp1es  
and t h i s  was n o t  t h e  c a s e .
15) T h e 1 i p i ci H P L C f r a c t i o n  s w e r  e e v a p o r a t e d  t  a d r  y n e s s 
o v e r  c l e a n ,  d r y  a i r  a t  a b o u t  5 0 °C .  The l i p i d s  were th en  
w eighed and t h e  l i p i d  c o n t e n t  o f  t h e  m i l k s  and t h e  l i p i c i
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sp i  k0  r e c o v e r i  es  were th e n  ea  1 cu 1 a t e d .
6 . 2 . 2 . Rc_overJL3 *s o f  o r  gan qch3. or  i nes and _ l i p i d s  f  rom 
sp i k e d ad s o r b e n t  samp1 e s .
6 . 2 . 2 . Ij, Ex p e r  i  men t  a 1 .
F i v e r  e p 1 i c a i  e a d s o r  b e n t  s w e r  e s p i k e d w i t  hi 1 i p i d a n d 
o r g a n o h a 1ogens and p ra c e s s e d  as d e s c r i  bed i  n s t e p  6» e t  
s e q .  o f  S e c t i o n  6 . 2 . 1 . 3 . .  The e x t r a c t s  were e v a p o r a t e d  t o  
a p p r  o x i m a t. e 1 y 1. 3 ml i n  t  h e K u d e r  n a -  D a n i s h e v a p o r  a t  o r  s 
a n d n o s p a 11 e r  i n g w a s e n c o u n t  e r  e d . T hi e s a m p 1 e s w e r  e e a c h 
c 1 e a n e d u p i n  one i n j  ec t  i on < w i t  h was hi i n g s ) u s i n g t  h e 
HPLC s ys te m .  E x t r a c t s  were a n a 1ysed u s i ng GC- ECD < see  
S e c t i o n  5 .  2 .  2 .  7 .  ) u s in g  p ea  k h e i g h t  s , and GC-MS w i t  hi t  h e 
15 m DB--210 co 1 umn (see  Sec t  i ons 5 .  2 .  2 .  7 .  and 5 .  2 .  2 .  8 .  ) . 
The a d s o r b e n t  was s p i k e d  w i t h  t h e  - fo l lo w in g  s o l u t i o n s :
i )  A s o l u t i o n  c o n t a i n i n g  1 5 0 .7 2  mg m l - 1  t r i g l y c e r i d e s  
( W i t e p s o l  H I 5)  i n  h e p ta n e  < 2 .0  ml by b u lb  p i p e t t e ) .
i i ) A so l  u t  io n  c on t  a i n i ri g t  he f o i l  ow i n g o r  g an or: h 1 o r  i n es  
i  n n - h e p t a n e  <1 . 0  ml by b u 1 b p i p e t t e ) . :
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S o l u t e , C o n c e n t r a t  i on (ng m l""M
HCB 4 9 . 4 1
a lp h a -H C H  4 9 . 8 0
beta -HG H 5 0 , 1 3
g a m ft) a -  H C H 5 0 .  0 9
d e l t a - H G H  5 2 . 5 9
□ , p ' -DDE 4 2 . 1 5
p , p ' -DDE 4 8 . 2 1
o , p ' -D DT 5 5 . 8 4
p , p ' - D D T  4 3 . 6 0
D i e l  d r i n  5 5 . 6 8
E n d r in  5 0 . 1 9
RGB 118 4 3 . 4 7
RGB 156 4 7 . 4 0
RGB 157 5 1 . 2 7
RGB 169 4 0 . 0 3
RGB 189 5 6 . 0 8
R e s u i t s  and d i s c u s s 1o n .
The r e c o v e r !  es and r  e l  a t  i ve  s t a n d a r d  d ev i  a 1 1 ons a r e  shown 
i  n 1" a to 1 e 14. E C D p e a k m e a s la r  e m e n t  s w e r  e c a r  r  i e d o u t  u s i  n g 
peak h e i g h t s  measured m a n u a l l y  i n  o r d e r  t o  h e l p  r e j e c t  
i  n t  e r  f  e r  e n c e due t o  pea k o v e r  l a p .  T h e q  la a n t  i  t  a t  i  o n was 
made by d i r e c t  compari  son o f  t h e  samp1e peak h e i g h t s  w i t h  
t h o s e  prodlaced by a s t a n d a r d  c o n t a i  n i  ng e x a c 1 1 y t h e  same 
l e v e l s  o f  a n a l y t e s  as t h e  o r i g i n a l  s p i k i n g  s o l u t i o n  p l u s
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Table 14. Recoveries and r e l a t i v e  s tandard  d e v ia t io n s  o f  l i p i d s  
and o rg a n o c h lo r in e s  from sp iked  adsorben ts .
A n a ly te  Mean Recovery R e la t iv e  Std. Mean Recovery R e la t iv e  S td.
(GC-ECD) Dev. (GC-ECD) (GC-MS) Dev. (GC-MS)
(n=5) (n=5) (n=5) (n=5)
HCB 83.27. (n=4) 2.547. (n=4) 99.817. 13.867.
a-HCH 87.27. 4.307. 106.927. 6.837.
(3-H CH 88.47. 5 .5 6 ’/. 90.897. 9.397.
7-HCH 90.97. 3.537. 106.517. (n=4) 4.997. (n=4)
8 -HCH 63.27. 9.387. 67.307. 8.417.
o ,p '-DDE 91.57. 2.897. 86.697. 6.287.
p , p ' -DDE 100.17. (n=3) 2.84'/: (n=3) 92.687. (n=4) 9.167. (n=4)
o ,p '-DDT 94.67. 5.117. 91.667. 10.557.
p,p '-DDT 97.87. 6.017. 98.887 10.127.
D ie ld r in 87.87. 4.647. 94.097. 10.367.
Endrin 98.97. 5.497. 96.037. 8.517.
PCB 118 205.67. (n=4) 5.757. <n=4) 243.787. (n=5) 23.657. (n=5)
PCB 156 92.07. 3.207. 99.627. 8.317.
PCB 157 91.27. 2.037. 95.367. 8.747.
PCB 169 79.77. 7.567. 77.527. 11.797.
PCB 189 89.87. 2.947. 80.717. 13.387.
L ip id :  Mean recove ry  (n=5) 94.27.
R e la t iv e  Std. Dev. 2.227.
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th  e i n t e r  n a 1 s t a n  d a r d . L i n e a r  e a 1 i b r  a t  io n  an d z e r  a 
i n t  e r c  ep i  a t  t  he c □ncen t  r  a t  io n  I e v e 1 b e in g  con s i  d e r  ed h ad 
p r e v i o u s l y  been e s t a b l i s h e d  and were assumed f o r  t h e  
p ur  p cdses cdf  t  h e EGD r  ec: o v e r y  c:: a l e  u 1 a t  i cdn s .
GC-MS quanti tation was carri ed out usi ng 30 ng ml “1 and 
7 0 n g m 1' " :l b ra e  k e t  i n g s t a n d a r d s .  D u e t  o t  h e c o n s t  r  a i  n t  s 
of  GC™liS t i m e ,  t h e  s t  and ar  ds wer e on 1 y an a 1 ysed cdn cde 
d u r  i n g t h e  GC-M 8 a n a 1 y s i s o f  t  h e s a m p 1 e s a n d t  h i <:d 
p r  o b a b 1 y e o n t  r  i b u t  e d t  cd t  h e v a r i a b i l i t y  cd f  t  Id e r  e s u 11 s .
T h e r  e e cd v  e r  i  e s f  cd r  a 11 a n a 1 y t  e s e x e e p t  d e 1 1 a -  H C H w e r  e 
a c c e p t  a b l e .  D e l t a  -  H C H r  eeav  e r  i  e s w e r  e cd g n s i d e r  e d t  cd o p cd o r  
•f cd r  q u a n t  i  t  a t  i  v e u s e a n d P C B 16 9 g a v e 1 cd w b u t  p r  o b a b 1 y 
u s e a b l e  r e c o v e r i e s .
11 ca n be seen t h a t  t  h e ECD r  e s u 11 s t  end ed t  o be 1 ess  
v a r  .i a b 1 e t  h a n t h e  GC-MS r e  cd u I t s ,  p r  o b a b 1 y d u e i n pa r  t , t  cd 
t h e  p ro b le m  o f  d r i f t  i n  t h e  mass c a l i b r a t i o n  which was 
b e i n g  e n c cd u  n t  e r  e d a t -  t  I'D e t  i m e . Ana t  h e r  f  a c t  cd r  
c cdn t r i b u t i n g  t o  t h e  v a r i a b i l i t y  o f  t h e  G C M 8 r e s u  11 <;> was 
u n d o u b t  e d 1 y t  h e u s e cd f  cd n 1 y s i  n g 1 e i n j  e cd t  i o n s f  o r  e a cd h 
s a m p 1 e a n d s t  a n d a r  d .
The r e c o v e r y  f o r  PCB 118 was e x t r e m e l y  h i g h .  T h i s  was 
e v e n t u a l l y  t r a c e d  t o  c o n t a m i n a t i o n  o f  t h e  a d s o r b e n t .  The 
a  d s o r  b e n t  w a s n o t  h o m o g e n e cd u  s 1 y cd; o  n t  a m i  n a  t  e d w i t  h t  h e P C B 
118 which gave r i s e  t o  v a r i a b l e  r e s u l t s  f o r  PCB 118 and
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a l s o  made t h e  i n v e s t i g a t i o n  o f  t h e  s o u r c e  o f  t h e  h i g h
r  e c o v  e r  i  e s  d i  f  f  i  c u 11 s  i  n c e b 1. a n k d e t  e r  m i  n a t  i  o n s  w e r  e n o t  
a 1 w a y  s  e o n t  a m i  n a t  e d t  o t  h e s  a me d e g r e e  „ T h e r e a  o n f  o r  
t h e  c o n t a m i n a t i o n  was n e v e r  f u l l y  d i s c o v e r e d  b u t  was 
p i'" o b a b l y  a c o n s  e q u e n c e o f  c a r  r  y  i  n g o u t  p r  e 1 i  m i  n a r  y 
c 1 e a n -  u p w o  r  k o n t h e  PCB 118  a f  t  e r  s  y  n t  h e s  i  <•"» i  n t  h e s  a m e 
1 a b o r a t  o r  y  ai;;> w as s u b  s e  q ue n  1 1 y  u s e d  f  o r  t  h e p r  ep a r  a t  i  on 
o f  t  h e a ci s  o r  b e n t .
The  r e a s o n  f o r  t h e  1 ow r e c o v e r y  o f  d e l t a - H C H  i s  n o t  known 
b u t  t h e  co m p o u n d  may p a r t i a l l y  d e g ra c ie  d u r i n g  t h e
e x t r a c t i o n  o r  s a m p le  co nc ien  t r  a t  i  on s t e p s  when t h e
r e s i d u e s  a r e  e x p o s e d  t o  h e a t .
I t  w as a p p r e c i a t e d  t h a t  t h i s  r e c o v e r y  s t u d y  d i d  n o t
c o n s t i t u t e  p r o p e r  v a l i d a t i o n  o f  t h e  m i l k  e x t r a c t i o n
m e th o d  s i n c e  t h e  o n l y  w a y s  t o  do  t h i s  a r e  t o  u s e  p r o p e r 1y
s p i k e d  m i l k  s a m p le s  and  a l s o  t o  c o m p a r e  t h e  r e s u l t s
o b t a i n e d  u s  i  ng t  h i  s  m e th o d  t  o t  h o s e  o b t  a i  ned  u s i  ng an 
e s t a b l i s h e d  m e t h o d . 11 may be  a rg u e c i  t h a t  mi 1 k samp 1 e s
c a n n o t  be  s p i k e d  i n  s u c h  a w ay t h a t  t h e  a d d e d
o r g a n o c h l o r i n e s  w o u ld  be  a s  f u l l y  i n c o r p o r a t e d  i n t o  t h e  
m i l k  m a t r i x  a s  t h e  e n v i r o n m e n t a l l y  d e r i v e c i  c a n t a m i n a n t s .
C ons  e q u e n 1 1 y , e v  e n m i l  k s  p i  k i  n g e x p e r  i  m e n t  s  m a  y n cd t
r e f  1 e c t  t r u e  r e c o v e r  i  e s .
Due t o  t h e  time? and  m a t e r i a l s  i n v o l v e d ,  v a l i d a t i o n  o f  t h e  
m e t  h o d b y  comp a r  .i s  cd n t o  a n e s  t  a b 1 i  s  h e d m e t  h cd d w a s  n o  t
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u n d e r t a k e n .
The e x t r a c t i o n  
v a l i d a t i o n  as  
m e th o d o lo g i  c a l
e x t  r  a c t  i o n s a r  e
o-f m i l k  sam ples  s e r v e d  as a 
w e l l  as a means of  d i s c  
p r  o b 1 e m s a n d t  h e r e  s u 11 s o f  
d i scussed i n S e c t  i on 7 . .
fo rm  o f  
o v e r  i ng 
t h e s e
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7.  IHE.....ANAI.;^ S I S  OF TWELVE
7 . 1 .  I n t  r  o cl u c t  i o n .
The ob j  ec t  o f  ana 1 ys  :i. ng t h e  doz en human m i l  k samp 1 es wa<;;> 
n o t  so much t o  g e n e r a t e  d a t a  on t h e  l e v e l s  o f  
c o n t a m i n a t i o n  p r e s e n t  tout t o  g a i n  some i n s i g h t  i n t o  t h e  
p e r f o r m a n c e  o f  t h e  method as d e s c r i b e d  in  S e c t i o n  6 . 2 . 1 .  
and t o  go somos way t o w a rd s  v a l  i da 1 i ng t h i  s app ro ach  t o  
human m i l k  a n a l y s i s .  Many a s p e c t s  o f  t h e  method a r e  q u i t e  
nove l  i n  t h e  c o n t e x t  o f  m i l k  a n a l y s i s  and i t  was n o t  
expect.ed t h a t  t h e  r e s u I t s  otota ined f rom  t h e  f i r s t  few
r  u n s w o u 1 d to e r  e 1 i a to 1 e . P r  a c t  i c a 1 p r  o to 1 e m s w e r  e
a n t  i c i p a t  e d a n d e n c o u n t  e r  e d ; s o m e o f  t  h e s e p r  o to 1 e m s h a v e
to e e n ci e s c r  i to e ci i n p r  e v i o u s s e c t  i o n s . T h e p r  o to 1 e m s , a <;:>
t h e y  a r o s e  d u r i n g  each m i l k  r u n ,  w i l l  toe d is c u s s e d  be low  
and suggest icans f o r  t h e i r  c o r r e c t i o n  w i l l  toe proposed i n  
S e c t i o n  8.
The t  we1ve m i1 k samp1es w ere  a n a 1ysed i n dup1 i c a t e  ex c e p i  
f o r  t h e  l a s t  sam ple  f o r  which t h e r e  was i n s u f f i c i e n t  m i 1 k 
t o  p e r m i t  a dup1 i c a t e  a n a 1y s i s . Runs were p e r fo r m e d  on 
t  w cd s a m p 1 e s a t  a t  i m e i n d u p 1 i c a t  e a n d t  I’D e r  e s u 11 s f  o r  
each run  a r e  g i v e n  i n  T a b l e s  15 t o  20 t o g e t h e r  w i t h  
s p i k e d a d s o r  to e n t  r  e c cd v e r y  ci a t  a . I  h e m i 1 k r  e <•:;> u 11 s a r  e N G T 
c or  r  ec t  ed f  o r  r  ec o v e r  i  e s .
In  v i  ew cdf  t h e  e x pe r  i ment a  1 na t u r e  cdf  t h e  a na 1 y s e s , i  t
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was c o n s id e r e d  :i. n a p p r o p r i  a t e  and :L ndeed mi i:ii 1 e a d i  ng 1 o 
a 1 t  e m p t  a n y f  o r  m o f  s t  a t  i s t  i c a 1 o r  t  o x i c □ I a g i c a 1 a n a 1 y s i s 
□•f t h e  r e s u l t s ,  e s p e c i a l l y  as o n l y  t w e l v e  sam ples  were  
p ro c e s s e d *  S p ik e  r e c o v e r i e s ,  ag reem ent  between d u p l i c a t e s  
a n d t  h e d e g r  e e o f  con f  o r  m i t  y w i t  h e x p e c t. e d v a 1 u e s ( t  h e 
l a t t e r  b e in g  a r a t h e r  s u b j e c t i v e  assessm ent  b u t  t a k e n  as  
b e i n g a b r  o a d a g r  e e m e n t  w i t  h p u b 1 i s h e d d a t  a , p a r  t  i c u 1 a r  1 y 
r e f e r e n c e  -C3S3-) , were  ado pted  as t h e  main i n d i c a t o r s  of  
t h e  q u a l i t y  o f  t  he r e s u 11 s and t h e  p e r f  ormance of  t h e  
p r o c e d u r e .
The l i m i t s  o f  q u a n t i t a t i o n  were somewhat a r b i t r a r i 1y s e t  
a t  0 . 5  ng m l”"1- i n  w hole  m i l k  f o r  a l l  t h e  a n a l y t e s  and t h e  
l i m i t s  o f  d e t e c t i o n  were s e t  a t  0 . 1  ng ml™1 i n  whole  
m i l k .  W ith  t h e  m o d i f i c a t i o n s  su g g es ted  i n  S e c t i o n  S . ,  t h e  
LOQs and LQDs s h o u ld  be r a t h e r  l o w e r .  These v a l u e s  f o r  
t h e  LOQs and LODs were a d o p te d  f o r  a l l  a n a l y t e s  d e s p i t e  
c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  s e n s i t i v i t y  o f  t h e  method  
f o r  d i f f e r e n t  compounds. Even as t h e  method s t a n d s ,  t h e  
LQQ o f  0 . 5  ng m l " 1 i n  w ho le  m i l k  i s  q u i t e  c o n s e r v a t i v e  
f o r  some m a t e r i a l s  l i k e  HCB, t o  which t h e  GC-MS system i s  
very sens itive . In contras t , t he dimet hanonapht ha 1enes 
( t  h e " d r  i n s " > f  r  a g m e n t  h e a v i l y  u n d e r  t  h e G C -  kl S c o n d i t  i o n s 
used and t h i  s LOQ was d i f f i c u l t  t o  ach i  e v e .
The d a t a  i n t h e  t a b  1 es a r e  r e p o r t e d  t o  4 dec i ma 1 p 1 a c e s . 
T h i s  was done m e r e ly  f o r  c o m p le te n e s s  and t o  a l l o w  any  
su b seq u e n t  c a l c u l a t i o n s  t o  be p e r fo rm e d  on t h e  raw d a t a .
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The use o-f 4 p l a c e s  o f  d e c im a l s  i s  i n  no way i n t e n d e d  t o  
i m p 1 y s u c h a h i g h d e g r  e e a f  p r  e c i s i o n o r  a c c u r  a c y -
7 . 2 .  I n d i v i d u a l  Mi 1 k A n a ly s e s .
7 . 2 . 1 .  Run 1 “ Human m i l k  s amples  1 and _2_._
The r e s u I t s  f o r  Run 1 a r e  shown in  T a b 1e 15.
The r e c o v e r i e s  f rom t h e  s p i k e d  a d s o r b e n t  were v e r y  
v a r i a b l e .  HCB r e c o v e r y  was v e r y  lo w ,  p r o b a b l y  due t o  
v cd 1 a t  i 1 i s a t  i o n i n  t  h e K u d e r  n a -  D a n i s h e v a p o r  a t  o r  « T h e 
b 1 ank r e s u l  t s  were h i gh and th  i s was i ndi  c a t  i ve cDf 
c o n t a m i n a t i o n  o f  t h e  a d s o r b e n t . The rema r  k a b 1y h i  gh 
r e c o v e r i e s  f o r  t h e  DDTs and PCB 118 were due t o  
inhomogeneous c o n t a m i n a t i o n  o f  t h e  a d s o r b e n t  which was 
n o t  c cd r  r  e c t  e d b y t  h e b 1 a n k . T h i s i n h cd m o g e n e o u 
c o n t a m i n a t i o n  p r o b a b l y  a c c o u n t s ,  t o  some e x t e n t ,  f o r  the? 
poor agreem ent  between dup1 i c a t e s  f  o r  some a n a 1y t e s , b u t  
a n o t  h e r  s o u r  c e o f  v a r  i a t  i cd n w a s t  h e H P L C c 1 e a n -  u p . T h e 
sam ples  were  each c le a n e d  up o v e r  o n e ' i n j e c t i o n  and no t  
tw o .  The l i p i d  c o n t e n t  o f  t h e  m i l k  was m o d e r a t e l y  h ig h  in  
s ample 1 a n d t  h e 1 i p i d b a n d s t  e n d e cl t  o e n c r  cd a c h s 1 i g h 1 1 y 
on t h e  r e s i d u e  bands in  bo th  t h e  d u p l i c a t e s .  T h i s  meant  
t h a t  t h e  residue? band was c o l l e c t e d  a l i t t l e  l a t e  and t h e  
b e?g i nn i ng p a r t  o f  some e a r  1 y e l u t i n g  r  e s i  dues , such a <:> 
p , p ' - DDE , may have b een 1 o s t  t  o t h e  l i p  i d f  r  a c t  i cdn and 
r e s u l t e d  in  low r e c o v e r i e s  f rom  t h e  m i l k  sam ples  and poor
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Table  15. R esu lts  o f th e  a n a ly s is  o-f human m i lk
samples 1 and 2 -for OCR and PCB re s id u e s .
T = tra ce  (= < 0 .5  ng ml-1 in  whole m i l k . )
ND=not d e te c te d  (=< 0 .1  ng ml-1 in  whole m i l k . )
NOTE; A lthough  da ta  a re  re p o r te d  w ith  up to  -four decimal p la ces ,  t h i s  
i s  no t in tended  to  im p ly  such a high degree o-f accuracy or p re c is io n .
A n a ly te Sample 1 Sample 2 Spi ke
A B A B re covery
HCB whole m i lk  (ng ml” 1) 0.8574 0.4942 0.5768 0.7477 35.167.
HCB f a t  b a s is  (pg g” 1) 0.0279 0.0174 0.0242 0.0320
cx-HCH whole m i lk  (ng ml- 1 ) T T T T 46.687.
a-HCH f a t  b a s is  (pg g " 1) T T T T
0-HCH whole m i lk  (ng ml- 1 ) 2.6832 2.9902 2.9228 3.1169 80.777.
/3-HCH f a t  b a s is  (pg g- 1 ) 0.0874 0.1053 0.1226 0.1336
7-HCH whole m i lk  (ng ml- 1 ) T T T 0.6474 70.807.
7-HCH f a t  b a s is  (pg g” 1) T T T 0.0277
5~HCH whole m i lk  (ng ml- 1 ) NO ND ND ND 46.967.
6-HCH f a t  b a s is  (pg g” 1) ND ND ND ND
o,p '-D D E whole m i lk  (ng ml-1 ) ND ND ND ND 70.167.
o ,p '-D D E  f a t  b a s is  (pg g” 1) ND ND ND ND
p,p '-D D E  whole m i lk  (ng ml-1 )8.8141 15.1464 19.3843 23.2669 77.977.
p ,p '-D D E  f a t  b a s is  (pg g” 1) 0.2869 0.5335 0.8128 0.9972
o ,p '-D D T  whole m i lk  (ng ml” 1) T T T T 175.537.
o ,p '-D D T  f a t  b a s is  (pg g” x) T T T T
p ,p '-D D T  whole m i lk  (ng ml” 1)7 .2635 6.9952 2.5832 3.2936 209.267.
p ,p '-D D T  f a t  b a s is  (pg g_ x ) 0.2364 0.2464 0.1083 0.1412
D ie ld r i n  whole m i lk  (ng ml” 1) T T 3.0472 6.0191 103.257.
D ie ld r i n  f a t  b a s is  (pg g_1) T T 0.1278 0.2580
E n d r in  whole m i lk  (ng ml” 1) ND ND ND ND 0.007.
E n d r in  f a t  b a s is  (pg g” 1) ND ND ND ND
PCB 118 whole m i lk  (ng ml- 1 ) 8.7283 3.5726 5.2038 7.2639 302.417.
PCB 118 f a t  b a s is  (pg g” 1) 0.2841 0.1258 0.2436 0.3113
PCB 156 whole m i lk  (ng ml” 1) 0.5110 0.4326 T T 128.487.
PCB 156 f a t  b a s is  (pg g- 1 ) 0.0166 0.0152 ND ND
PCB 157 whole m i lk  (ng ml” 1) ND ND ND ND 95.817.
PCB 157 f a t  b a s is  (pg g” 1) ND ND ND ND
PCB 169 whole m i lk  (ng ml” 1) ND ND ND ND 57.737.
PCB 169 f a t  b a s is  (pg g~x) ND ND ND ND
PCB 189 whole m i lk  (ng ml” 1) ND ND ND ND 58.327.
PCB 189 f a t  b a s is  (pg g” 1) ND ND ND ND
T o ta l  PCB (as A ro c lo r  1260)
Whole m i lk  (ng m l " 1) 42.06 24.42 26.90 39.56
Fat b a s is  (pg g- 1 ) 1.37 0.86 1.15 1.70
L ip id  r e s u l t  (7.m/v) 3.0720 2.8392 2.3850 2.3334
(7.m/m) 3.0070 2.7789 2.3312 2.2791
L ip id  re c o v e ry  -from sp ike 96.537.
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a g r e e m e n t  b e tw e e n  r e p l i c a t e s , ,
53 p a 11 e r  i  n g i  n t  h e K u d e r  n a -  D a n i  s  h a p f:) a r  a t  u s  w a s  n o t  a 
p r  o b 1 e m d u r  i  n g t  hi i  s  r  u n s  i  n c e a f  a :i. r  1 y  l o w  t  e m p e r  a t  u r  e 
w as u s e d ,  b u t  t h e  e v a p o r a t i o n  t o o k  p l a c e  o v e r  a l o n g e r  
p e r  i  o d o f  t  i  m e w h i  c I") m a y  h a v  e a 11 o w e d t  h e m o r  e v  o 1 a t  i  1 e 
r e s i d u e s  t o  e v a p o r a t e r e s u 11 i n g  i n  lo w  r e c o v e r i e s and  
p o o r  a g r e e m e n t  b e tw e e n  d u p l i c a t e s *
E n d r  i  n w a s  n o t  r e  c o v e  r  e (j 5 t  h i  s  h a s  b e e n d i  s  c u s  s  e d i  n 
p r e v i  o u s  s e c t i  o n s .
Th e lo w  r  ec  o v e r  i  e s  o f  t h  e h i  g h e r  c h 1o r  i n  a t  e d P CBs w a s 
p r o b a b l y  d u e ,  a t  l e a s t  i n  p a r t ,  t o  t h e  l a t e  c o l l e c t i o n  o f  
t h e  r  e s i  d u e  f r a c t i o n  f r o m  t h e  HF:'LC ( h i  g h e r  c:h 1 o r  i  n a t e d  
RGBs e 1 u t  e e a r  1 i  e r  f  r  o m t  h e H P I... C s  y  s  t  em ) « T h i  s  m a y a 1 s  o 
a c c o u n t  f o r  t h e  p o o r  a g r e e m e n t  b e tw e e n  " t o t a l  PCB" 
r e s u l t s ,
0 n e v  a p o r  a t  i  n g t  h e e y, t r a c t  d o w n t  o t  h e 1 o w v  o 1 u m e f  o r  
HPLC c l e a n - u p  and  a g a i n  on e v a p o r a t i n g  t h e  c l e a n e d  up 
s  a m p 1 e d o w n t  o  i  t  s  f  i  n a 1 v  o 1 u m e f  o r  G C -  M S d e t  e r  m i  n a t  i  o n , 
a s  1 i  gIn t  wh i  t e  p r  ec  i  p i  t  a t e  was o b s e r v e d , Th i  is was f  a un d  
t o  d e r i v e  f r o m  t h e  HPLC g r a d e  s o l v e n t s  t h e m s e 1v e s . T h i  s  
p r  e c i  p i  t  a t  e d i  d n o t  is e e m t  o a d v  e r  s e l  y  a f  f  e c t  t  hi e 
d e t  e r  m i  n a t  i  o n o f  t  h e r  e s  i  d u e is.
GC-MS a n a l y s i s  w a is c a r  r  i  e d o u t  u s  i  n g t  hi e 15 m D B -  2 :L 0
277
column.  Some band b r o a d e n in g  was seen i n  t h e  GC-MS 
r  e s u 1t  s f  o r  b e t a  -  H C l-l a n ci, m o r  e :i. m p o r  t  a n 1 1 y , t h e  i n t  e r  n a 1 
s t  a n d a r  c:l, w hi i c hi p r  o b a b l y  a f  f  e c t  e d t  h e q u a i"i t  :i. t  a t  i o n o n 
a c c: o u n t  o f  t  h e la n la s u a 1 p e a k m e a s u r  i n g a 1 g o r  i t  hi m u s e d b y 
t h e  d a t a  h a n d l i n g  s o f t w a r e .  Some marked d r i f t  i n  t h e  mass 
c a 1 i. b r  a t  i on of  t  he mass s p e c t r  omet e r  was a 1 so o b s e r  ved 
w h i c:: h m a y h a v e r  e s u 11 e ci i n s 1 i g h t  c hi a n g e s i n r  e s p o n s e 
f  a c t  a r  s ci e s p i t  e t  h e f  1 a t  - 1 cd p t  u n i n g .
L i p i d  r e c o v e r y  f rom  t h e  s p i k e  was good ( 9 6 . 5 3 7 . ) .  The 
l i p i d  c cdn t  en t  cdf  t h e  m i l  k samp 1 es wer e r  e a s cdn ab 1 e and 
exh i b i t e d  f  a i  r  ag r  eemen t .
O v e r a l l ,  r e s u l t s  were r e a s o n a b l e  and compared f a i r l y  w e l l  
w i t  hi t  hi e e x p e c t  e d v a 1 u e s , b la t  t  hi e p r  a c t  i c a 1 p r  cd b 1 e m s 
(encountered made t h e  r e s u l t s  u n r e l i a b l e .
7 .  2 2 .  _ Run 2: Human m i l  k s a m p i e s  3 a n ci 4 .
The r e s u l t s  f o r  t h i s  a n a l y s i s  a r e  g i v e n  i n  T a b l e  16.
R e c cd v e r  i e s f  r  o m t  h e s p i k e ci a d s o r  hi e n t  w e r  e q u i t  e 1 cd w cd n 
t h e  w h o le  on a c c o u n t  o f  some s p a t t e r i n g  o f  t h e  s p i k e  
s a m p 1 e i n t  h e K u d e r  n a -  D a n i s h a p p a r  a t  la s . T h i s  i s  
p a r  t  i  c c.i 1 a r  1 y n o t  i, c e a b 1 e i n t  hi e 1 i  p i  c:l r  e c o v e r y ,  hi u t  cd n 
l a t e r  e x a m i n a t i o n  o f  t h e  l i p i d  s p i k i n g  s o l u t i o n  (w h ic h  
w a s a s e p a r  a t  e s o 1 la t  i o n  f  r  o m t  hi e 0 C P /  P C B s p i  k i  n g 
s o 1 u t  i o n ) , l i p i d  w a s f  cd u n d t  cd In a v e p r  e c i p i t  a t  e d o la t  a n d
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Table 16. R e su lts  o f the  a n a ly s is  o f human m i lk
samples 3 and 4 f o r  OCR and PCB re s id u e s .
T= trace  (= < 0 .5  ng ml-1 i n  whole m i lk . )
ND=not de tec ted  (=< 0.1  ng ml-1 in  whole m i l k . )
NOTE; A lthough data  a re  re p o r te d  w ith  up to  fo u r  decimal p la c e s ,  t h i s  
i s  not in tended  t o  im p ly  such a h igh  degree of accuracy or p r e c is io n .
A na ly te Sample 3 Sample 4 Spi ke
A B A B re co ve ry
HCB whole m i lk  (ng ml- 1 ) T T 0.6906 1.3968 38.927.
HCB f a t  b a s is  (pg g * 1) T T 0.0124 0.0243
a-HCH whole m i lk  (ng ml- 1 ) ND ND ND ND 41.147.
cx-HCH f a t  b a s is  (pg g- 1 ) ND ND ND ND
/?-HCH whole m i lk  (ng ml- 1 ) 0.6074 0.6775 1.1904 2.6944 52.487.
/?-HCH f a t  b a s is  (pg g * 1) 0.0486 0.0540 0.0213 0.0468
7-HCH whole m i lk  (ng ml- 1 ) ND ND ND T 39.317.
7-HCH f a t  b a s is  (pg g * 1) ND ND ND T
5-HCH whole m i lk  (ng ml- 1 ) ND ND ND ND 63.437.
5-HCH f a t  b as is  (pg g * 1) ND ND ND ND
o,p '-DDE whole m i lk  (ng m l* 1) T T T T 86.887.
o,p '-DDE f a t  b a s is  (pg g * 1) T T T T
p,p '-DDE whole m i lk  (ng m l* x ) 4.3030 3.2409 12.4369 17.5165 79.447.
p ,p '-DDE f a t  b a s is  (pg g~x ) 0.3440 0.2583 0.2225 0.3042
o ,p '-D D T whole m i lk  (ng m l* 1) T T 0.5414 0.5557 106.917.
o ,p '-DDT f a t  b a s is  (pg g- 1 ) T T 0.0097 0.0097
p,p '-D D T whole m i lk  (ng ml” 1) T T 0.6839 0.9580 73.607.
p ,p '-D D T f a t  b a s is  (pg g * 1) T T 0.0122 0.0166
D ie ld r in  whole m i lk  (ng m l* x )0.7459 0.6692 1.1827 1.9214 95.067.
D ie ld r in  f a t  b a s is  (pg g * 1) 0.0596 0.0533 0.0212 0.0334
E ndrin  whole m i lk  (ng m l* 1) ND ND ND ND 48.877.
E nd rin  f a t  b a s is  (pg g * 1) ND ND ND ND
PCB 118 whole m i lk  (ng m l* 1) 2.1209 1.4977 1.7057 2.1233 164.577.
PCB 118 f a t  b a s is  (pg g * 1) 0.1695 0.1194 0.0305 0.0369
PCB 156 whole m i lk  (ng m l* 1) ND ND T T 48.167.
PCB 156 f a t  b a s is  ().ig g * 1) ND ND T T
PCB 157 whole m i lk  (ng m l* 1) ND ND ND ND 52.357.
PCB 157 f a t  b a s is  (pg g * 1) ND ND ND ND
PCB 169 whole m i lk  (ng m l* 1) ND ND ND ND 39.377.
PCB 169 f a t  b a s is  (pg g * 1) ND ND ND ND
PCB 189 whole m i lk  (ng m l* 1) ND ND ND ND 34.917.
PCB 189 f a t  b a s is  (pg g * 1) ND ND ND ND
T o ta l PCB (as A ro c lo r  1260)
Whole m i lk  (ng m l* 1) 12.47 8.26 14.10 18.07
Fat b a s is  (pg g“ l ) 0.9970 0.6583 0.2523 0.3137
L ip id  r e s u l t  (7.m/v) 1.25 1.25 5.59 5.76
r/.m/m) 1.22 1.22 5.47 5 .63
L ip id  recovery  from  s p ik e 16.17.
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s o  t h e  l o w  l i p i d  r e c o v e r y  w a s  p r o b a b l y  d u e  m a i n l y  t o  
i  m p r  o  p e  r  s p i  k i  n g w i  t  h t  h e  W :i. t  e  p i::> o  1 s o l  u t  i  cd n «
A f  u  r  t  h e  r  p o i  n t  t  o  n cd t  i  c e  i  s  t  h e  1 cd w v  a  1 u e  s  o b t  a  i  n e  c:l f  cd r  
t h e  r e s i d u e  l e v e l s  i n  t h e  m i l k .  T h e  v a l u e s  f o r  m a n y  
a  n a  1 y  t  e  s  a  r  e  m a r  k e  ci 1 y  1 cd w e r  t  h a  n w cd u 1 ci n o r  m a l  1 y  b e  
e x p e c t e d  e s p e c i a l l y  i n  t h e  c a s e  o f  s a m p l e  4 w h i c h  w a s  
I") i  gh  i  I’D f a t  c o n  t e n  t . Th  i  s  ma y  i  rnp 1 y  a  pcdor ex  t  r  a c t  i  cdn b u t  
t h e  l i p i d  c o n t e n t  r e s u l t s  f o r  b o t h  s a m p l e s  3 a n d  4 a r e  
r  e  a  s  cd n a b l e  a n d  a r e  i  n c 1 o s e  a  g r  s e m e  n t  s  cd p cd cd r  e  x t  r  a  c t  i  cd n 
s e e m s  v e r  y  un  1 i  k e  1 y a n d  i  t  ma y  w e l l  b e  t h a t  t h e  1 e v e  1 cdf 
c o n t a m i n a t i o n  f o r  b o t h  t h e  i n d i v i d u a l s  c o n c e r n e d  w a s  
i n d e e d  l o w .  H o w e v e r , a s  w i l l  b e  s e e n  b e l o w ,  t e c h n i c a l  
p r  o b 1 e  m s  w i  t  h t  h e  m a  s  s  s  p e  c t  r  o m e  t  e  r  p r  o b a  b 1 y  a  c c o u n t  f  cd r  
t h e  1 cdw r e s u I t s .
The a d s o r b e n t  was washed a g a i n  p r i o r  t o  u s e  and t h e  b l a n k  
r  e s u 11 s w e r  e o cd r  r  e s p cd n ci i  n g 1 y  1 o w e r  t  h a n p r  e v i o u s 1 y  
o b t a i  n e d . The r e  1 a t i  ve  1 y  h i g h  r e c o v e r y  f o r  PCB 1 J.0 was  
a g a  i  n d u e t  cd c e n t  a  m i  n a t  i  o n o f  t  he ad s cd r  b e n t  ci e s  p i  t  cd t  I’D e 
f  u r  t  h e i'" w a s h i  n g cd f  t  h e a d s o r  b cd n t .
S p a  11  e  r  i  i d g i  n t  h e  K u ci e  r  n a  -  D a  n i  s  I’D e v  a  p o r  a t  o r  s  w a  s  n cd t  a  
m a j o r  p r o b l e m  b u t  i t  w a s  o b s e r v e d ,  t o  a  s m a l l  d e g r e e ,  i n  
a l l  t h cd s a mp 1 c d s  .  V cd 1 a t  i  1 i  s a t  i  on cdf  t h cd mcdr  e  v cd 1 a t  i  1 cd 
r  e s i  c iu es  may  h a v e  o c c u r e d .
Gamp  1 c d s  w e r  e  c l e a n e d  u p  c d v e r  t  w cd i  n j  e c  t  i  o n  s  o n  t  h  e H P L ("'
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s y  cd 1 e  m I::j la t  t  h e  h i  g h 3. :i. p i  d c □ n t  e  n t  a  f  s a m p 1 e  4  m e  a n t  t  h a t  
t  h e  l i p i d  f  r  a c t  :i. □ n w a s  o n 1 y  , j u s t  c 10 a r  o f t  h 0  r  0  s :i. d la 0  
f  r  a c t  i  o n . H o w e v e  r  , i t  w a s 0  p 0  c: 1 0 d t  h a t  a 11 r  0  s :i. d la 0  s w 0 r  0  
f  la 11 y  c □ 1 1 0  c 1 0  d f  0  r  b 0 1 h s a m p 1 0  s 3 a n d 4  la n 1 0  s s t  h 0  h :L g h 
1 i  p :i. ci c o n t 0  n t  0  f  s a m p 1 0  4 c a u s 0  d s a  m 0  r  0  s i  d la 0  s t  a  s h i  f  t  
i  n t 0  t  h 0  l i p i d  b a n  d b y c a u s i  n g a t  r  a n s i  0  n t  c: h a n g 0 i  n 1 1") 0  
0 1 la o t  r  0  p i  c s t  r  0 n g t  h o  f  t  h 0  m cd b i  1 0  p h a cd 0 .
A wh i  1 0  p re c  i p i t a t 0  was a g a i  n seen i  n t h 0  samp10 s j  u s t  
b e f o r e  HPLC c l e a n -lap and on e v a p o r a t i n g  t h e  c le a n e d  up 
cd a m p 1 0  s d 0 w n 1 0 t  h 0  i  r  f  i n a 1 v 0 1 u m 0 .
G C - M S  a  n a  ]. y  cd i  cd w a  cd c a r  r  i  0  d □ la t  la cd i  n g t  h 0  :l. 5  m D B -  2  :l. 0
c o l u m  n . C h r  g m a t  cd g r  a  p h i  c b a n ci b r  cd a d 0  n i  n g i  n t  h 0  G C ~ lvl 8 
a n a l y s i s  w a s  n o t  o b s e r v e d ,  b u t  m a r k e d  d r i f t  i n  t h e  m a s s  
c a l i b r a t i o  n w a  cd a  g a  i  n s  0  0  n a  n d t  h 0  d r  i  f  t  w a  s  p a  r  t  i  c u 1 a  r  1 y  
I:d a  ci a t  t  l"i 0  b i g  h m a s  cd 0  n c:l r  0  s  la 1 1 i  n g i  n c 0  n cDi d e r a  b 1 0  1 cd cd cd 
o f  s e n s i t i v i t y  f o r  h i g h  m a s s  c o m p o n e n t s .  T h e  MB w a s  r e -  
c a  1 i  b r  a 1 0 d p r  i  0 r  t  cd a n a  1 y s i  n g  t h 0  cdt a n d a r  d s  wh i  c h  m0 an  t  
t h a t  t h e  m i l k  a n d  t h e  s p i k e  r e s u l t s  c o u l d  n o t  
r 0 a 1 i  s t i  c a  13. y  b e  ccdmpar0 d t o  t h 0 s t a n c : l a r d s « T h i  s  w a s  a
m a j  cd r  p r  0  b 10  m a n ci p r  0  b a  b 3, y  a  c c □ la n t  cd f  cd r  t  h 0  3. cd w r  0  cd u 11 s  
o b t  a i  n 0  c i , p a r  t  i  c u 1 a r  1 y fo r"  h i  g h m a  cd cd c a m p cd n 0  n t  s . T h 0  
cd 0  u  r  c 0  cd f  t  h 0  ci r  i  f  t  w a  cd u 11 i  m a 1 0 1 y  t  r  a  c 0  d 1 0 a 1 0  a k a  g 0  0  f  
t  h 0  a  c c 0 1 0  r a t i  n g v  cd 1 1 a  g 0  h i  g h 1 0 n s  i  □ n t  cd 0  a  r  t  h « T h i  cd 
p r  cd b 10  m was r  0  c t  i f  i e d b 0  f  cd r  0  a n y f  la r  t  h e r  r  u n cd w 0  r  0  
u n d e r t a k e n .
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E n d i'" i  n w a s r  0 c: o v 0 r  0 d b u t  i t  s i  r  u 0 i'" 0 c: o v 0 r  y 0 a li 1 d n a t  b 0
d 0 1 0 r  m :i. n 0 d i  n t  h 0 1 i g h t  □ f  1hi0 G C lvl S p r  o b 1 0 m s ,
I... i  p i d  r  0 s u 1 1 *3 f  a r  t  l"i 0 m i l  k s we r  0 r  0 a s o n a b 1 0 an d i n  c::1q s 0 
a g r e e m e n t .
In  s u m m a ry , 1 h e r 0 s i  d u 0 r 0 s u i t s  w0 r 0 v 0 r y  u n r 0 1 i  a b 1 0 , 
1 a r  g e 1 y d u e t  o t  h 0 1 0 c: h n i c a 1 p r  o b 10 ms 0 i "i cr. o la n t  e r  0 d w i t  h
t h e  GC-MS.
7 . 2 . 3 . Run 5 :  Human a n d 6 .
R 0 c o v 0 r  i  0 s c o u 1 d n o t  b 0 d 0 1 0 r  m i  n 0 d □ n a c c o u n t  o f  t  h 0
r  0 a s o n s c:l e s c r  i b 0 d b e l o w ;
B e c a u s e  o f  t h e  p o s s i b i l i t y  o f  l o s i n g  OCP/PCB r e s i d u e s  by  
t a k i n g  t h 0 o r g a n o c h l o r i n 0 f r a c t i o n  f r o m  t h 0 HPLG t o o  
l a t e ,  i t  was d e c i d e d  t o  c l e a n  up ea c h  s a m p le  o v e r  tw o  
i n j e c t i o n s  as  b 0 f o r 0 , b u t  t a k 0 t h 0 r e s i d u 0 f r a c t i o n  v 0 r y  
0 a r  1 y . S i n c e  t h e  samp 1 es  w e r 0 i n t r o d l a c 0 d i n t o  t h 0 HPLC i  n 
hexane? s o l u t i o n ,  s a m p le s  o f  f a i r l y  lo w  l i p i d  c o n t e n t  ( a s  
wou1 d be  e n c o u n 1 0 r 0 d i n samp1 0 s i  n t r o d u c 0 d o v e r  two  
i n j e c t i o n s )  f i r s t  g i v e  a p o s i t i v e  l i p i d  p e a k  on t h e  RI  
d 0 1 e c t o r  f o l l o w e d  foy a n e g a t i v e  pe ak  due t o  the? h 0 x a n e  
The r e s i d u e  f r a c t i o n s  w e r e  c o l l e c t e d  s t a r t i n g  a b o u t  h a l f  
way t  h r  o u g In t  h e n e g a t  i  v 0 p e a k , b u t  t  h e r  e w a s p r  o b a b 1 y
s t i 11 some 1 i p i d e l u t i n g  in  t hiis n e g a t i  v 0 band , wi t hi t hie
R I  d e 1 0 c t o r  b 0 i ng swamp0 d i  n t o  g i  v i  ng a n e g a t i v e  r 0 s p o n s 0
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by t h e h0 xano .  As a r e s u 1 1 , many sam pIes  i n c 1ud in g  samp10
6 B and t h 0  s p i  k 0  w e r 0  1 0 o d:i. r t y  t o  be ana 1 y s 0 d by GC and
g a v 0  h cd p 0 1 0  s s 1 y d i s t  cd r  t 0  d b a n d s u "I" h 0  G C -  M S a n a 1 y s i s w a 0  
c a r  r  .i. 0  d cd i ..i  t  la s i n g t  h 0  D B -  210  c cd 1 la m n w h :L c h b y t  h i s s 'I: a g e 
was about  18 months o l d  and had been s u b j e c t e d  t o
ecdnis:i. c:l0 r  ab 1 0  u s 0  „ Th 0 s 0  d i r  t  y amp 1 0 s ' seem0 d t  o damag0
t h e  a l r e a d y  a g e in g  column beyond r e p a i r .  Samples 5 A ,, 5B 
a n d 6 A a s w 0 11 a is t  h 0  b 1 a n k a n d t  h 0  i n d i v i c:l u a 1 a n a 1 y t  e 
s t  a n cJ a r  d s w ere  a n a 1 y s 0  d b e f  o r  0  t  h 0  c o 1 u m n f i n a l l y  b r  cd k e 
down, b u t  t h 0  sp i k0 , samp 1 0  6 B and t h 0  Ar cdo 1 o r  s t  an dar  (i
c ou 1 d n o t  be an a 1y s e d . Th e ava  i 1a b 10  r  e s u 11 s a r 0  g i ven i n 
T a b l e  17. B r o a d e n in g  o f  t h e  beta -H C H  and t h e  i n t e r n a l  
s t  and ard  p e a k s w as ob s er  ved even i n t  h 0  me asur  a b 10  
sam ples  b u t  was n o t  so s e v e r e  as t o  cause  e x t re m e  
d i s t o r t i o n  o f  t h e  peaks  a l t h o u g h  t h e  r e l i a b i l i t y  o f  t h e  
r  0  s u 11 s m u s t  be b r  cd la g h t  i n t  o q  u 0  is  t  i cd n .
M ino r  spa 11 e r  i n g w a s cd b s e r  v e d i n t  h 0  K u d e r  n a -  D a n i s h 
0 vapcdrators  b u t  was n o t  ccdnsi d0 r 0 d t o  b0  a s i  gn i  f  i c a n t  
p ro b le m .  A f u r t h e r  p rob lem  was c r e a t e d  when h e p ta n e  
i n s t e a d  o f  hexane  was used t o  wash t h e  e x t r a c t s  f rom  t h e  
Soh x 10 1 e qu i p m0 n t  i n t o  t h e  l<ucl 0 r n a -D a n  i sh ap p a r  a t  u s . Th i s 
m e a n t  t  h a t  t  h 0  e v a p o r  a t  i o n  w a s u n la s u a l l y  p r  o 1 cd n g 0  d a n c:l 
h a d t  o b e c a r  r  i e d o u t  a t  a h i  g h 0  r  temp e r  a t  la r  e . T h i s w o u 1 d 
undoub10 d 1 y have c a u s 0 d r e s i  dlae l o s s e s  by vo 1 a t i  1 i s a t i o n .
A w h i t e  p r e c i p i t a t e  was a g a in  seen in  t h e  sam ples  j u s t  
p r  i o r  t  o H P L C c 10  a n -  u p and i n t  h 0  f  i n a 1 s o 1 u t  i cd n s .
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Table  17. R e s u lts  o f th e  a n a ly s is  o f human m ilk
samples 5 and 6 -for OCP and PCB re s id u e s .
T = tra ce  (= < 0 .5  ng m l-1  in  whole m ilk . )
ND=not d e te c te d  ( = < 0 . 1  ng m l” 1 in  whole m ilk . )
NOTE: A lthough  da ta  a re  re p o r te d  w ith  up to  -four decim al p la c e s , t h i s  
i s  no t in tended  to  im p ly  such a h igh  degree o-f accuracy or p re c is io n .
A n a ly te Sample 5 Sample 6 Spi ke
A B A B re co ve ry
HCB whole m ilk  (ng m l- 1 ) 1.8078 1.5334 1.94 Sample 6B
HCB -fa t b a s is  (pg g- 1 ) 0.0619 0.0536 0.0769 th e  s p ik e
a-HCH whole m ilk  (ng m l” 1) T T T and th e
a-HCH -fat b a s is  (pg g- 1 ) T T T A ro c lo r
/?-HCH whole m ilk  (ng m l- 1 ) 1.2668 1.2958 Unmeasurable s tandard
/3-HCH -fat b a s is  (pg g” 1) 0.0433 0.0453 Unmeasurable were
7-HCH whole m ilk  (ng m l” 1) 0.9273 0.4737 0.7383 unmeasur­
7-HCH -fa t b a s is  (pg g” 1) 0.0317 0.0166 0.0293 a b le  due
5~HCH whole m ilk  (ng ml- 1 ) ND ND ND to  d i r t y
5-HCH -fa t b a s is  (pg g” 1) ND ND ND samples
o,p '-D D E  whole m ilk  (ng m l” 1]) T T ND a n d /o r
o ,p '-D D E  f a t  b a s is  (pg g” 1) T T ND a damaged
p,p '-D D E  whole m ilk  (ng m l-1 )6 .8100 3.3963 16.36 GC column
p,p '-D D E  f a t  b a s is  (pg g- 1 ) 0.2329 0.2236 0.6493
o ,p '-D D T  whole m ilk  (ng m l” 1) T T ND
o ,p '-D D T  f a t  b a s is  (pg g” 1) T T ND
p ,p '-D D T  whole m ilk  (ng m l” 1)0 .8663 0.7967 1.48
p ,p '-D D T  f a t  b a s is  (pg g” 1) 0.0296 0.0278 0.0587
D ie ld r in  whole m ilk  (ng m l” 1)1 .7624 1.6613 2.61
D ie ld r in  f a t  b a s is  (pg g” 1) 0.0603 0.0581 0.1035
E ndrin  whole m ilk  (ng ml” 1) ND ND ND
E nd rin  f a t  b a s is  (pg g- 1 ) ND ND ND
PCB 118 whole m ilk  (ng m l” 1) 1.7451 1.9932 1.45
PCB 118 f a t  b a s is  (pg g” 1) 0.0597 0.0697 0.0577
PCB 156 whale m ilk  (ng ml” 1) T ND ND
PCB 156 f a t  b a s is  (pg g” 1) T ND ND
PCB 157 whole m ilk  (ng m l” 1) T ND ND
PCB 157 f a t  b a s is  (pg g” 1) T ND ND
PCB 169 whole m ilk  (ng m l” 1) ND ND ND
PCB 169 f a t  b a s is  (pg g” 1) ND ND ND
PCB 189 whole m ilk  (ng m l” 1) T T T
PCB 189 f a t  b a s is  (pg g” 1) T T . T
T o ta l PCB (as A ro c lo r  1260)
Whole m ilk  (ng m l" 1) Unmeasurable due to  peak d is t o r t io n
Fat b a s is  (pg g " 1) in  the A ro c lo r s tan d a rd .
L ip id  r e s u l t  (7.m/v) 2 .92 2 .86 2 .52  2 .32
C/.m/m) 2 .85 2 .79 2 .45  2 .26
Lip id  recovery from spike 92.5*/.
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Desp i t 0 t h 0 <:::on s:i. <::l0 r  ab 1 0 p r  ob 1 0ms, t h  0 r  0 su 1 1s  t h a t  w e re  
cd b t  a i n 0 c:l s 0 0 m 0 c:l r  0 a s cd n a b 10 a n d t  h 0 d u p 1 i c a t e  s f  cd r  a m p 3.0 
5 0 y, h i b i 1 0 d q u i t s  g cd cd d a g r  0 0 m 0 n t . li :L I  k 1 i p i d r  0 s u 11 s 
s eeme d t  cd b 0 r  0 a I  i s t  :i. c a n d d u p 1 i c:: a 1 0 s a g r e e  c:l c:| u i 1 0 we 1 1 . 
I™ i p :i. d i" 0 c cd v 0 r  y was a 1 s a q u i 1 0 g cd cd d .
The d u p l i c a t e  v a l u e s  i n  s a m p le  15 - for gamma-HCH and p , p ' -  
D D E d i  d n o t  a g r  0 0 v 0 r  y w 0 1 1 .  B a th  p 0 a k s w 0 r  0 b r  cd a d e n 0 d i n 
b o t  h c:l u p 1 i c a t .0 s a n d t  he g a m m a -  H C H p 0 a k s u f  f  0 r  0 d f  r  cd m 
m i n cd r  i  n t  e r  f  e r  0 n c 0 i n t  h 0 m a s s f r a g  m 0 n t  cd g r  a m.  T h 0 
a p p a r  0 n 1 1 y 1 cd w  v a l u e  s f  a r  p , p ' D D E m a y h a v 0 b 0 0 n d u 0 , i n 
p a r t ,  t  cd 3. o s s 0 s i n t  h 0 K u c:l 0 r  n a - D a  n i  s h a p p a r  a t  u s a s 
c:l 0 s c r  i b 0 c:l a b o v e .
7 . _2 , j 4 . Run _ 4:  l-luman mi I k sa_mp l  os 7 and 8 .
The  r e s u l t s  f o r  Run 4 a r e  g i v e n  i n  T a b l e  18.
R 0 c cd v 0 r  i  0 s o b t  a i  n 0 d w 0 r  0 g 0 n 0 r  a 11 y i m p r  a v 0 d b u t  w cd r  0 
s t i l l  i n f e r i o r  t o  Run 1.  A f t e r  e x t r a c t i o n ,  v o lu m e  
r 0d u c t  i cdn i  n t h 0 Kud0 r  n a - D a n  i  sh c o i d c e n t r  a t  o r iii» wa<:;> c  a r  r  i  ec:l 
o u t  a t  a h i g h e r  t e m p e r a t u r e  ( a b o u t  9 0 <:aC) i n  o r d e r  t o  
r e d u c e  t h e  amount o f  t i m e  s p e n t  i n  t h e  a p p a r a t u s  w i t h  t h e  
a i  m o f  r  0 d u c i  n g 3. o s s e s b y v o 1 a t  i  1 i s a t  i  o n . U n f  o r  t  u n a 1 0 1 y , 
t h i s  r e s u  1 t e d  i n  s e v e r e  s p a t t e r i n g  f c d t  a l l  samp 1 e s . T h i s  
w o u I d  h a v e  r e  d u c ec:l r e c o v e r i e  e> c cd id  s i d 0 r  a b 1 y a n d i s 
r e f l e c t e d  i n  t h e  1 ow l i p i d  r e c o v e r y .  Such s p a t t e r i n g  a l s o  
g a v e  r  i  s e t  cd poo r  a g r  0 0 m 0 n t  b 01 w 0 0 n d u p 1 i c a 1 0 s cd n a w h cd 1 0
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Table  18. R e s u lts  o-f th e  a n a ly s is  o f human m ilk
samples 7 and 8 f o r  OCR and PCB re s id u e s .
T = trace  (= < 0 .5  ng m l-1  in  whole m ilk . )
ND=not d e te c ted  (= < 0 .1  ng ml” 1 in  w hde  m i lk . )
NOTE: A lthough  d a ta  a re  re p o r te d  w ith  up to  fo u r  decim al p la c e s , t h i s  
i s  no t in tended  to  im p ly  such a h igh  degree o f accuracy o r p re c is io n .
A n a ly te Sample 7 Sample 8 Spi ke
A B A B re c o v e ry
HCB whole m ilk  (ng m l- 1 ) 2.5136 1.9076 1.3654 1.7984 53.277.
HCB f a t  b a s is  (pg g_ x ) 0.1133 0.1176 0.0776 0.0785
a-HCH whole m ilk  (ng m l- 1 ) ND T T T 69.887.
a-HCH f a t  b a s is  (pg g~x ) ND T T T
/3-HCH whole m ilk  (ng m l” 1) 6.5350 3.8142 3.8322 4.0108 75.147.
0-HCH f a t  b a s is  (pg g~x ) 0.2945 0.2352 0.2179 0.1750
7-HCH whole m ilk  (ng m l" 1) ND ND ND T 77.057.
7-HCH f a t  b a s is  (pg g_ x ) ND ND ND T
5-HCH whole m ilk  (ng m l- 1 ) ND ND ND ND 58.917.
5-HCH f a t  b a s is  (pg g- x ) ND ND ND ND
o,p '-D D E  whole m ilk  (ng m l-1 ) ND ND ND ND 80.547.
o,p '-D D E  f a t  b a s is  (pg g~x ) ND ND ND ND
p,p '-D D E  whole m ilk  (ng m l-1 )62.2346 49.5248 12.9364 15.6848 91.467.
p ,p '-D D E  fa t  b a s is  (pg g“ x ) 2 .8046 3.0541 0.7355 0.6842
o ,p '-D D T  whole m ilk  (ng m l-1 ) T ND ND ND 82.607.
o ,p '-D D T  f a t  b a s is  (pg g~x ) T ND ND ND
p,p '-D D T  whole m ilk  (ng m l-1 )4 .1826 3.2753 1.3529 1.6980 76.767.
p ,p '-D D T  f a t  b a s is  (pg g“ x ) 0.1885 0.2020 0.0769 0.0741
D ie ld r in  whole m ilk  (ng m l-1 ) T T 0.7170 0.9762 80.077.
D ie ld r in  f a t  b a s is  (pg g~x ) T T 0.0408 0.0426
E ndrin  whole m ilk  (ng m l- 1 ) ND ND ND ND 122.227.
E nd rin  f a t  b a s is  (pg g_1 ) ND ND ND ND
PCB 118 whole m ilk  (ng m l- 1 ) 1.6438 1.0979 1.2109 1.6433 103.727.
PCB 118 f a t  b a s is  (pg g- x ) 0.0741 0.0677 0.0688 0.0717
PCB 156 whole m ilk  (ng ml“ x ) ND ND ND ND 48.927.
PCB 156 f a t  b a s is  (pg g~x ) ND ND ND ND
PCB 157 whole m ilk  (ng ml- 1 ) ND ND ND ND 43.237.
PCB 157 f a t  b a s is  (pg g- x ) ND ND ND ND
PCB 169 whole m ilk  (ng m l- 1 ) ND ND ND ND 20.657.
PCB 169 f a t  b a s is  (pg g“ x ) ND ND ND ND
PCB 189 whole m ilk  (ng m l~x ) ND ND ND ND 34.657.
PCB 189 f a t  b a s is  (pg g~x ) ND ND ND ND
T o ta l PCB (as A ro c lo r  1260)
Whole m ilk  (ng m l- 1 ) 15.32 12.79 12.92 17.58
Fat b a s is  (pg g“ x ) 0.6905 0.7885 0.7347 0.7671
L ip id  r e s u l t  (7m/v) 2.2190 1.6217 1.7590 2.2923
(’/.m/m) 2.1628 1.5792 1.7114 2.2290
Lip id  recovery from spike 81.25 ’/.
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m :i. 1 k b a s  i  s  , b u t  I") e c a u s  0 s  p a 1 1 0 r  i n g 0::: a u is 0 is a p r  cd p o r  t  i  o n a 1 0 
l o s s  o f  l i p i d ,  t h e  r e s u l t s  o f  t h e  a n a l y s i s  on  a l i p i d  
b a s i s  a g r e e  much m o re  c l o s e l y  and  w o u ld  be  e x p e c te d  t o  be  
much m o re  a c c u r a t e  ( a l t h o u g h  t h e  1 i  p i  d d e te r m i  n a t  io n  
i  t  s  e 1 f  w o u 1 d b e 1 o w ) .
A w h i  t  e p r e c  i  p i  t  a t  e w as ag a i  n s e e n  i  n t  h e sa m p 1e s  o n
r e d u c in g  t o  lo w  v o lu m e s .
W i  t  h r e g a  r  d t  o t  h e l-l P L C c 1 e a n -  u p , is a m p 1 e s  we r  e c 1 e a n e d u p 
o v e r  tw o  i n j e c t i o n s  and  - f r a c t i o n s  w e re  a g a in  t a k e n  q u i t e  
e a r l y ,  b u t  n o t  a s  e a r l y  a s  i n  Run 3 .
T h os G G l i  S a n a l y  is i s  w a s  c a r  r  i  os d cd u  t  u is i  n g t  h e 2 !3 rn G V -  17 
c o 1 u m n . Ban d b r  o a d e n i  n g w a s  o b s  e r  v  e d f o r  b os t  a -  l-l C H and  t  h os 
i  n t  e r  n a 1 s t  an d a r  d f  osr a l l  samp 1 e s  an d i  n t  I'D os c a s e  o f  
s a m p le  7 A , a c t u a l  p e a k  s p l i t t i n g  w as s e e n  f o r  t h e s e  twos
m a t e r i a l s .  T h is  a d v e r s e ly  a f f e c t e d  t h e  q u a n t i t a t i v e
r e s u l t s  f o r  a l l  a n a l y t e s .
E nd r  i  n w as re c o v e ro s d  w i t h  h i  gh osf f  i  c i  osncy , bo..ot i  t  w as 
n o te d  t l " ia t  thos a b s o l u t e  p e a k  a r e a  w as m ar kosd 1 y  sma 11 osr i  ri 
t h e  s p ik e  and  t h e  s t a n d a r d s  th a n  w as n o r m a l l y  s e e n  and  i t  
m a y  b e t  h a t  c:l os g r  a o::l a t  i  os n os r  , m o r  os l i k e l y ,  a 0::l i:;> o r  p t  i  o n os n t  o:d 
g l a s s  h a d  cd c  c  u ire d .
A b s o lu t e  v a lu e s  f o r  r e s id u e  l e v e l s  i n  t h e  m i l k  seem ed 
r e a s o n a b le  c o m p a re d  t o  p u b l i s h e d  d a ta  -C3!5!5- and  i n  t h e
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c a s e o f  s a rn p 1 e 7 , t h e  v a .1 u e s f  o r  s o m e a n a l y t e  s ,
esp  ec i a l l y  p , p ' - DDE , w er e qu i  t  e h :i. gh . 0 n r  ead  :i. ng t  h e
c:omp 1 e t  e<:J q u e s t  :i. □ nna:i. r  e p r  ov :i. dec:l b y t  he <;;>ub j  e c t  , i  t  was 
d i s c o v e r e d  t h a t  she  had e x p e r i e n c e d  a b o ve  a v e r a g e  c o n t a c t  
w i t  h p e s t  i  c i  d e s a n d , h a v i n g b e e n b o r  n i  n 19 S 0 ,  m a n y o f
t  h e p e s t  i  c i  d e s t  o w h i c h s h e was e x p o s e d w o u 1 d h a v e b e e  n
0 r  g a n o c l"i 1 □ r i n e  s «
Thi e r  e c o v e r  :i. es  f  cdr t  he h i gIder ch 1 o r  i  n a t e d  1“'CB c cdngen e r  s  
w er e v e r  y p QCDr , e s p e c i a l l y  f o r  PCB 169« No ex p 1 an a t  i  on 
c o u 1 d b e f  cd u n d f  o r  t  h i  s .
□n a c c o u n t  o f  t h e  s p a t t e r i n g ,  m i l k  l i p i d  v a l u e s  w e re  a
1 i  11 ]. e 1 □ w an d a g r  eemen t  b e t  ween r  ep 1 i c a t  es  was p cdo r  . 
L i  p i  d re t :  cd v e r  y was a 1 so 1 ow ( 8 1 .  257.) .
7 . 2_« 5_._ Run 5 :  Human m i l k s a m p le s 9 a nd 10 .
T h e r  e s u 1 1 s f  cd r  t  h i s r  u n a r  e s I d cd w  n i  n T a b 1 e 19 .
Dur i ng t h i  s ru n  , a h i  gh e v a p o r a t i  on t e m p e r a t u r e  was a g a i  n
u s e d w i  t  h t  h e K u d e r  n a  D a n i s h a p p a r  a t  u s , b u t  a s i n g 1 e
a n t  i -  b u rn p g r  a n u 1 e w a s p 1 a c e d i n e a c h r  e cr. e i v e r  t  u b e « T h i s 
r e d u c e d  b u t  d i d  n o t  e l  :L mi n a t e  s p a 1 1 e r  i  n g . Ccdn s e q u e n 1 1 y , 
a g r  eem en t b e tw e e n  dup 1 i c a t e s  on a wh cd 1 e m i 1 k b a s i  s w er e 
a d v e r  s e 1 y a f  f  e c t  e cl, b l.i t  g e n e r  a 11 y 1 e s  s s o o n a 1 i p i d 
b as  i  s .
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Table 19. R e s u lts  o-f the  a n a ly s is  o-f human m ilk
sam ples 9 and 10 to r  OCP and PCB re s id u e s .
T = tra ce  (= < 0 .5  ng m l-1 in  whole m ilk . )
ND=not d e te c ted  (= < 0 .1  ng m l-1 in  whole m ilk . )
NOTE; A lthough data  a re  re p o r te d  w ith  up to  to u r  decim al p la c e s , t h i s  
is  n o t in tended  to  im p ly  such a h igh  degree o t accuracy o r p re c is io n .
A n a ly te Sample 9 Sample 10 S p ike
A B A B re c o v e ry
HCB whole m ilk  (ng m l- 1 ) 0.6974 0.6257 2.7482 3.2592 89.457.
HCB t a t  b a s is  (pg g- 1 ) 0.0563 0.0511 0.0952 0.0859
a-HCH whole m ilk  (ng m l~x ) ND ND ND T 90.487.
a-HCH t a t  b a s is  (pg g~x) ND ND ND T
/3-HCH whole m ilk  (ng m l"1) 0.6112 0.6342 4.9729 5.2923 73.227.
j3-HCH t a t  b a s is  (pg g_ l ) 0.0494 0.0518 0.1722 0.1395
7 -HCH whole m ilk  (ng ml- 1 ) T T 0.9196 1.0754 105.847.
7 -HCH t a t  b a s is  (pg g“ x) T T 0.0318 0.0283
5 -HCH whole m ilk  (ng ml“ x ) ND ND ND ND 71.677.
5-HCH t a t  b a s is  (pg g~x) ND ND ND ND
o,p '-D D E  whole m ilk  (ng m l-1 ) ND ND ND ND 88.347.
o,p '-D D E  t a t  b a s is  (pg g_ x ) ND ND ND ND
p,p '-D D E  whole m ilk  (ng m l-1 )3 .9712 4.7835 14.5401 19.1904 154.157.
p ,p '-D D E  t a t  b a s is  (pq g~x) 0.3207 0.3905 0.5034 0.5058
o ,p '-D D T  whole m ilk  (ng m l~x ) T T T T 96.077.
o ,p '-D D T  t a t  b a s is  (pg g~x) T T T T
p,p '-D D T  whole m ilk  (ng m l-1 )0 .4504 0.5611 1.0223 1.1944 101.127.
p ,p '-D D T  t a t  b a s is  (pg g- x ) 0.0364 0.0458 0.0354 0.0315
D ie ld r in  whole m ilk  (ng m l-1 )2 .2468 2.8142 2.2837 4.7473 143.827.
D ie ld r in  t a t  b a s is  (pg g- x ) 0.1814 0.2297 0.0791 0.1250
E nd rin  whole m ilk  (ng ml- 1 ) ND ND ND ND 158.947.
E nd rin  t a t  b a s is  (pg g_ x ) ND ND ND ND
PCB 11B whole m ilk  (ng m l“ x ) 1.0005 T 0.8902 1.3910 116.617.
PCB 118 t a t  b a s is  (pg g- x ) 0.0808 T 0.0308 0.0367
PCB 156 whole m ilk  (ng m l- 1 ) ND ND T T 83.107.
PCB 156 t a t  b a s is  (pg g- x ) ND ND T T
PCB 157 whole m ilk  (ng m l~x ) ND ND ND ND 68.587.
PCB 157 t a t  b a s is  (pg g“ x ) ND ND ND ND
PCB 169 whole m ilk  (ng m l- 1 ) ND ND ND ND 43.937.
PCB 169 t a t  b a s is  (pg g~x ) ND ND ND ND
PCB 189 whole m ilk  (ng m l~x ) ND ND ND ND 53.647.
PCB 189 t a t  b a s is  (pg g~x ) ND ND ND ND
T o ta l PCB (as A ro c lo r  1260)
Whole m ilk  (ng m l- 1 ) 7.8862 3.9658 18.5610 26.8423
Fat b a s is  (pg g_1) 0.6368 0.3238 0.6426 0.7075
L ip id  r e s u l t  (7.m/v) 1.2384 1.2250 2.8888 3.7942
r/.m/m) 1.2049 1.9111 2.8177 3.6999
Lip id  recovery trom spike 94.937.
D e s  p i  1 0 <::> □ m 0 <5 p a t 1 0 r  i  n g , r e  c: □ v  0 r  i  e s  we r  0 m l i  c h i  m p r o v e  cl 
o v 0 r  p r  0 v i  o u s  r  u n s  and  sorn0 r  0 c :g v e r ie s  w e r 0 v 0 r  y  hi :i. gh . 
T h is  may h a v e  b e e n  d u e  t o  t h e  a g e  o f  t h e  s t a n d a r d s  w i t h  
a cl s  o r  p t  i  o n g n t  a t  h 0 g 1 a s s  a c c: u r  i  n g -f g r  t  h 0 a n a 1 y  1 0 s  
g i  v i  n g t  h 0  a p p a r e  n 1 1 y  v  0  r  y  h i  g h ( > i 0 0"/») r  0  c a v  0  r  i  0  s .
R 0  s u 11 s -f a r  s a m p 10  9 s 0  0  m e cl 1 o w b u t  d u p 1 i c a 1 0  s a g r  0  0  d
w e l l  ( osxc0 p t  -for t:he " t o t a  1 PCB" r 0 su 11 ) and s □ t h 0  
si. u b j  0  c: t  m ay w 0 11 c a r  r  y o n l y  a 1 o w b a cl y b u r  d 0  n o f t  hi 0  s 0  
m a t e r i a l s .  Sample 10 showed more usu a l  l e v e l s  o-f 
c o n t  a m i n a t  i a n b u t  w i t  h 10  s s g a o cl a g r  0  0  m 0  n t  b 0 1 w 0  0  n 
r  0  p 1 i c a t e  s o n a c: c: g u  n t  o f s p a 1 1 0  r  i n g i n s a m p 10  10 A „
As be f o r e ,  t h e  w h i t e  p r e c i p i  t a 1 0  was s 0 0 n wh0 n t h 0  
sam ples  were e v a p o r a t e d  down t o  low s o l v e n t  vo lum es.
Samples were c le a n e d  up on t h e  HPLC system o v e r  two  
i n j e c t i o n s  and t h e  r e s i d u e  - f r a c t i o n s  were t a k e n  q u i t e  
e a r l y .
Thi0  GC- MS r 0 s u I t s ,  whi i  c: h w0 r  0  ob t  a i  ned us i ng t  hie GV™ 17 
co lum n,  showed some band b r o a d e n in g  i n  a l l  t h e  m i l k  
s a m p 10  s -f o r  b 0 1 a -  H C H a n d 10  s s s o -f o r  t  hi 0  i n 1 0  r  n a\ 1
s t  a nd a r  d . Q uan t i  t  a t  io n  was ad e q u a t e ,  t  h oug h n o t  i d 0  a 1 ,
•f o r  b 0 1 a -  H C l-l bu t  t  h e s 1 i g h t  d i s t  o r  t  i  o n o f  t  hi e i n 1 0  r  n a 1 
s t a n d a r d  peak sh o u ld  n o t  have compromised t h e
quant  i t a t  i on o-f t h 0  othosr ana 1 y 1 0 s .
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T h 0  b 1 a n k w a s a g a i n q u i t  e h i g h f  o r  c 0  r  t  a :i. n a n a 1 y 1 0  s . T h i s 
w a s d i. i 0  t  □  Li s :i. n g a n  0  w b a t  c  h a f  a d s □  r  b 0  n t  w h i c I") h a d o n l y  
be 0 n washed once.
L :i. p i c:l r  e c e v e r y  w a s g o o d (9 4 .  9 3 "/«) .
7» 2 . 6 . R u n 6 s _ _H u m a n m i 1 k s a m p 10  s 1.1 a n d 1 2 .
Th0  r 0 s l i ]. t s  -f a r  t h i s  - f in a l  run  a r 0  g i  v 0 n .i. n Tab 1. 0  20 .
I n s l i  f  -f: i e i 0  n t  m i 1 k w a s p r  a v i d  e d i n s a m p 1 0  :l 2 -f o r  a 
d u p 1 i c a 1 0  a n a 1 y is i  is t  o b 0  p 0  r  -f cd r  m 0  d .
R e c o v e r i e s  -for t h i s  run w0 r 0  much b 0 1 1 0 r  and p 0 rh a p s  to o  
h ig h  and t h e  p o s s i b i l i t y  o-f a d s o r p t i o n  o f  some a n a l y t e s  
t  o g 1 a s s :i. n t  h 0  s t  a n d a r  d s w a is no t  r  u 1 0  d o u t . T h 0  r  0  c o v 0  r  y 
d a t a  -for t h r e e  a n a l y t e s  were  l o s t  due t o  a f a u l t  i n  t h e  
GC-MS system d u r i n g  d a t a  r e c o r d i n g .
S p a t i e r i n g  i n t  h 0  K u d 0  r  n a -  D a n i s h 0  v a p o r  a t  cd r  s w a s 
c o m p l e t e l y  a v o id e d  by u s i  ng o n 1y a mod0 s t  1 0 mp0 r  a t u r 0
a n d o n c 0  t  h 0  is a m p 1 cd w a is c o n t  a i n 0  d s cd 10 1 y w i t  h i n t  h 0  
r e c e i v e r  t u b e ,  t h e  l a t t e r  was removed and t h e  f i n a l  s t a g e  
of  t h e  e v a p o r a t i o n  was c a r r i e d  o u t  o v e r  a i r .
A g r  e 0  m 0  n t  b 0 1 w e 0  n t  h cd d la p 1 i c a 1 0  s f  cd r  s a m p 1 cd 11 w a i=s g cd cd d 
f  o r  a l l  an a 1y t  es exc e p t  HCB. Vo1 a t  i 1 i s a t  i on 1 ass es  i n  t  h e 
e v a p o r a t o r  may a c c o u n t  f o r  t h i s  d i s c r e p a n c y .
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Table  20. R e s u lts  o-f th e  a n a ly s is  o-f human m ilk
samples 11 and 12 fo r  OCR and PCB re s id u e s .
T = trace  ( = < 0 .5  ng m l-1 in  whole m ilk . )
ND=not d e te c ted  ( = < 0 . 1  ng m l-1 in  whole m ilk . )
NOTE: A lthough  data  a re  re p o rte d  w ith  up to  fo u r  decim al p la c e s , t h i s  
is  no t in tended  to  im p ly  such a h ig h  degree o f accuracy o r p re c is io n .
A n a ly te Sample 11 Sample 12 Spike
A B A B re co ve ry
HCB whole m ilk  (ng m l- 1 ) 16.6237 12.7688
*
2.5197 91.807.
HCB f a t  b a s is  (pg g- 1 > 0.4691 0.3743 0.0500
a-HCH whole m ilk  (ng ml- 1 ) T T T 103.917.
a-HCH f a t  b a s is  (pg g- 1 ) T T T
^J-HCH whole m ilk  (ng m l- 1 ) 16.5869 18.7091 5.1037 111. 007.
/3-HCH f a t  b a s is  (pg g- l > 0.4681 0.5484 0.1012
7-HCH whole m ilk  (ng m l- 1 ) 1.8833 1.1750 T 104.237.
7-HCH f a t  b a s is  (pg g- 1 ) 0.0531 0.0344 T
5-HCH whole m ilk  (ng ml- 1 ) ND ND ND 108.397.
5~HCH f a t  b a s is  (pg g_1) ND ND ND
o,p '-D D E  whole m ilk  (ng m l-1 ) T ND ND 99.407.
o ,p '-D D E  f a t  b a s is  (pg g- 1 ) T ND ND
p,p '-D D E  whole m ilk  (ng m l-1 )47 .0902 49.6803 34.3173 * *
p ,p '-D D E  f a t  b a s is  (pg g_1) 1.3289 1.4563 0.6807
o ,p '-D D T  whole m ilk  (ng m l-1 ) T T T 138.407.
o ,p '-D D T  f a t  b a s is  (pg g- 1 ) T T T
p ,p '-D D T  whole m ilk  (ng m l-1 >5.7747 5.6422 4.1942 140.157.
p ,p '-D D T  f a t  b a s is  (pg g- 1 ) 0.1630 0.1654 0.0832
D ie ld r in  whole m ilk  (ng m l-1 )4 .8203 4.5508 1.5732 111. 947.
D ie ld r in  f a t  b a s is  (pg g- x ) 0 .1360 0.1334 0.0312
E nd rin  whole m ilk  (ng ml- 1 ) ND ND ND * *
E nd rin  f a t  b a s is  (pg g_1) ND ND ND
PCB 118 whole m ilk  (ng ml- 1 ) 6.3361 6.3595 0.8052 * *
PCB 118 f a t  b a s is  (pg g " 1) 0.1788 0.1864 0.0160
PCB 156 whole m ilk  (ng m l~ l ) 1.8452 1.6242 T 94.657.
PCB 156 f a t  b a s is  (pg g“ M 0.0521 0.0476 T
PCB 157 whole m ilk  (ng m l- 1 ) T T T 79.597.
PCB 157 f a t  b a s is  (pg g- 1 ) T T T
PCB 169 whole m ilk  (ng m l- 1 ) ND ND ND 61.937.
PCB 169 f a t  b a s is  (pg g " 1) - ND ND ND
PCB 189 whole m ilk  (ng m l- 1 ) ND T T 74.647.
PCB 189 f a t  b a s is  (pg g_1 ) ND T T
T o ta l PCB (as A ro c lo r  1260)
Whole m ilk  (ng m l- 1 ) 169.68 171.82 21.27
Fat b a s is  (pg g- 1 ) 4.7886 5.0368 0.4218
L ip id  r e s u l t  C/.m/v) 3.5436 3.4114 5.0415
(7.m/m) 3.4716 3.3414 4.9527
L ip id  re co ve ry  from  s p ik e 103.427.
*  No d u p lic a te  o f sample 12 was p o s s ib le  due to  in s u f f i c ie n t sample.
* *  Data lo s t  due to  GC-MS system breakdown.
292
E x t r a c t s  w e r e  c l e a n e d  u p  o v e r "  t w o  i  n j  e c t  :i. o n s  cdn t h e  l - l P L C  
s y s t e m  a n d  r e s : i .  d u e f r a c t i  c d n s  w e r e  t a k e n  s I  i  g h 1 1 y l a t e r  
t  h  a  11 i  n  R  i..i i d 5  b  u  t  i  11 s  u  f  f  i  c  i  0 n t  t  i  rn 0  t  cd c  cd 1 1 0 c  t  a  1 1  
r e s i d u e s *
Th 0  GC-MS d 0 1 0 r  ini n a t  i on was c a r  r  i ed o u t  u s i  ng t h 0  25  m
□ V - 17 co lumn.  Peak shapes under  GC-MS were a l l  good
0  x c 0  p t  f  o r  si 1 -j. g h t  b r  □ a d 0  n i n g a f  b 0 1 a -  H C l-l j. n o rD 0  m :i. 1 k
samp10 ,
A g a i  n , t  h 0  b 1 a n k d 0 1 0  r  m i  n a t  i  o n f  cd r  c 0  r  t  a i n a n a 1 y t  e s w a s 
Id i g h i I'D d i c a  t  i n g t  h 0  n 0  0  d f  cd r  m □ r  0  t  h cd r  cd u  g h w a  s  h :i. n g cd f  t  h 0  
a d s  0  r  b 0  n t  p r  i o r  t  o u s 0 .
A b s o l u t e  va 1 u 0 s f o r  t h e  r e s i  du 0 s i n samp 1 0  11 w0 r 0  v 0 r y  
h ig h  f o r  most a n a l y t e s  and i n s p e c t i o n  o f  t h e  s u b j e c t ' s  
q u e s t i o n n a i r e  r e v e a l e d  t h a t  she had l i v e d  abroad in
c cd u n t  r  i e s w h 0  r  0  □ C P  s w 0  r  0  u s 0  d 0  x 1 0  n s i v 0 1 y a s w 0 11 a s i n
1 n d u s t  r  i a 1 i s 0 d coun t  r  i 0 is wh0 r  0  PCDs wou 1 d h a v 0  bcd0 id 
c cdmmcdn . Th 0  sub j  ec t  was a l  so ag 0 d 34 and pr  :i. mi p a r  cdus t  hus 
a 11 o w i n g c cd rD s i  d 0  r  a b  1 e t i m e  f o r  t  h 0  a c c u m u 1 a t  i cd i d cd f  
o r  g a  n o c: h 1 o r  i n 0  s i n h 0  r  body f a  t  b  0  f  o r  e 1 a c t  a t  i o n . 
I n t e r e s t i  ng 1 y ,  t h 0  i idf a n t  was born  7 weeks premature; i  
h o w e v e r ,  any a t t e m p t  t o  c o n n e c t  t h e  h ig h  l e v e l  o f  m i l k  
c o n t a m i n a t i o n  t o  t h e  p r e m a t u r e  b i r t h  of  t h e  i n f a n t  would  
be c o n j e c t u r e .
The r e s i d u e  r e s u l t s  f o r  sam ple  12 were r a t h e r  lo w e r  th an
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t h o s e  f o r  sample  11 and were more l i k e  t h e  v a l u e s  
ex pec : ted .
Mi 1 k 1 i p i d  va 1 ues were r e a s o n a b l e  and t h e  clup 1 ic :a tes  
a g ree d  w e l l .  L i p i d  r e c o v e r y  was v e r y  good.
O v e r a l l ,  t h e  method seemed t o  p e r f o r m  much b e t t e r  a f t e r  
m o cl i f  y i n g t  h e p r  o c e d u r  e f  o r  u s i. n g t  h e K u cl e r  n a -  D a n i s h 
e v a p o r a t o r s .
7 . 3 .  C o n c J j^ ij ir is ^
As can be seen f rom  t h e  r e s u l t s  abo ve ,  t h e  method  
p e r  f  o r  m a n c e i m p r  o v e cJ w i t h  e x p e r  i e n c e . S u g g e s t  :i. c j  n s f  o r  
m o d i f i c a t i  o n s t o  t  h e p r  o c e cl u r  e a r  e g i v e n i n S e c: t. :i. o n 8 b u t  
some p o i n t s  a r e  w o r th y  o f  n o t e  h e r e .  F i r s t l y ,  i t  seems 
t  h a t  t  h e K u d e r n a - D a  n i s h evap o r  a t  o r  s were a m a j  o r  p r  cd b 1 e m 
a r e a  and s t e p s  shcDuld be t a k e n  t o  c o n t r o l  more 
e f f e c t i v e l y  t h e  pr  ab 1 ems asstoc: i a t e d  wi thi thie use o f  t  hi i is 
e q u i p m e n t . S e c o n d l y ,  t  hi e H P l.„. C c 1 e a n ~ u p w a s n cd t  a s r  o b u s t  
as w cd i.i I d  be ex p e c t  e cl cd f  a r  o u t i n e  r  e s i d u e met hi o c:l a n cl t  h i cd 
a s p e c t  o f  t h e  method needs f u r t h e r  a t t e n t i o n  (see  S e c t i o n  
8 ) .
G e n e r a l l y ,  t h e  r e s u l t s  t e n d e d  t o  f a l l  w i t h i n  e x p e c te d  
1 i m i t  s a 11 h o ugh t  h e p r  a c t  i c a 1 p r  o b 1 e m s a s s o c i a t  e d w i t  hi 
t  hi e s e f i r  s t  few  r  u n s w o u 1 cl i n c:l i o a t e  t  hi a t  t  hi e r  e s u 11 s 
cd b t  a i n e cl t  e n d e d t  cd I:d e low e x c: e p t  f  cd r  R u n 6 .
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Notes In  s e v e r a l  o-f t h e  s a m p le s ,  t h e  l e v e l s  o-f some 
r e s i d u e s  would  exceed t h e  a c c e p t a b l e  d a i l y  i n t a k e  l e v e l s  
f  o r  nor  m a I i n f  a n t  s a s d e - f ined by t h e  F A 0 /  W H □ o r  o t  h e r  
s o u r c e s  -C373- (assumi ng an i n t a k e  o f  150 m 1 mi 1 k p e r  kg 
i n f  a n t  body we i gh t  p e r  d a y ) .  The c 1 i n i c a 1 s i gn i f  i can ce  o f  
11")is i s n o t  known.
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8 . DISGUSSIGN AND .....CGNCL^
T h 0 m e t  h □ d s , a s d e s c r  i  b 0 d i n t  h 0 p r  e v i o u s s 0 c: t  :i. o n s , 
a p p e a r  t o  be w o r k a b l e  b u t  t h e r e  r e m a i n  a -few q u e s t i o n  
mai'" k s w i t  h r e g a r  d t  □ 11-) e p e r  f  o r  man c e and r  u gged n e s s  o f
t  h e c o m p 1 e t  e p r  o c e d u r  0 -
R e c o v e r i e s  ap p ear  t a  be q u i t ©  v a r  i a b l e  f  r  om run  t  o run  
a 11 h o u g h t  h 0  t  r  u 0  v a r i a b i l i t y  o f  t  h e p r  o c e d u r  e i s 
d i f  f  i c u 11 t  o a s s e s s o n a c c o u n t  o f  t  h e p r  a e t  i c a 1 
d i f f i c u l t i e s  which a r o s e  d u r i n g  t h e  f i r s t  few a t t e m p t s -  
1”h 0 r 0  a r 0  s e v e r a  1 f  a c t o r s  whi ch a r e  i mportant'. i n t h i  s
c o n te x  t  i
A f t e r  a d s o r p t i o n  of  t h e  sample  o n to  t h e  a d s o r b e n t  and
d r y i n g  in  t h e  oven ,  sam ples  were found t o  v a r y  w i t h  
r e g a r d  t o  t h e  amount o f  r e s i  dua l  dampness. Thi s was 
1 a r g e  1 y due t o  t h e  d i f f e r i n g  s i z e s  o f  g 1 ass  m o r ta r  used 
f o r  d i f f e r e n t  samp 1 es r e s l i  11 in g  i n  d i f f e r e n t  s u r f a c 0  
a r  eas  b e i  ng ex posed . I..Js i ng un i f  cdr m 1 y s i  z ed (and 
p r  e f  e r  a b 1 y 1 a r  g e ) m o r  t  a r  s w o u 1 d a i d m o r  e c cd n s i s t  e n t  
d r  y i n g . V a r  i a b i 1 i t  y cd f  w a t  e r  c: cd n t  e n t  c cd u  1 d a f  f  0  c t  t  h 0  
ex t r a c t  i CDn p r o c e s s .
T h e K u d e r  n a ~ D a n i  s h e v a p o r  a t  o r  s u s e cl f  o r  t  h e w o r  k 
i  n c o r p o r a t  ecl Snyd e r  c cd 1 umns con t  a i  n i ng cdn 1 y tw o  b a 1 1 -  
v a l v e s .  T h i s  w o u ld  r e d u c e  t h e  d e g r e e  o f  r e f l u x i n g  w i t h i n  
t h e  e v a p o r a t o r s  and c o u l d  a l l o w  r e s i d u e s  t o  e s c a p e  by
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v □ 1 a t  :i. 1 :i. s a t  :i. a n o r  d r  a p l e t  e n t  r  a i n m e n t  .
S p a 1 t e r  i ng i n t h e  eva p o r  a t o r s , p a r t  :i. cu 1 a r  1 y when t h e  
samp 1 e v g 1 ume had been red u c ed  u n t i l  :i. t  was c d n t a i  ned 
s o 1 e 1 y w i t  h i n t  h e r  e c e i  ve  r  t  u b e ,  was a 1 s o a rn a j  o r  p r  o b lem 
and i t  was u 11 i m a t e l y  f g und n e c e s s a r y  t o  e v a p o r a t e  t h e
l a s t  10 ml or  so o f  t h e  sample  o v e r  a i r .  The b e n e f i t s
ga i  ned by comp 1 e t i  ng t h e  l a s t  s t a g e  o-f t h e  vo 1 ume
r e d u c t i  gn ove r  a i  r  can I")e s e e n i n t h e  r e s u  11s f  gr  Run 6 
( m i l k  sam ples  11 and 12 T a b le  20 S e c t i o n  7 . 2 . 6 . ) .  The 
r e c o v e r i e s  o b t a i n e d  were  h ig h  and t h e  agreem ent  between  
d u p 1 i c a t  e a n a 1 y s e s o -f m i 1 k s a m p 1 e 11 (n o d u p 1 i c a t  e o f
samp 1 e 12 was pos s i  b 1 e due t  o i nsu f  -f i c i en t  mi 1 k ) was 
g e n e r a l l y  mucln improved o v e r  p r e v i o u s  r u n s . H e n c e , t h  i s
s i n g l e  modi i  i c a t  io n  t o  t h e  p r o c e d u r e  gave r  i se  t o  a
m a r  k e d i m p r  cd v e m e n t  i n fin e t  h o d p e r f  arm a n c e a n d i l l  u s t  r  a t  e s 
t  h e d i -f t  i c u 11 i e s t  h a t  can b e e n c o u n t  e r  e d i n r  e d u c i n g t  hi e 
s a m p 1 e v o 1 u m e i n r  e s i d la e a n a 1 y s i s .
The t i m i  ng cdf  f r a c t i o n  c:cd 11 e c t i cdn f r cdm t h e  l-lPLC c 1 ean - up
s y s t  e m w a s a 1 s o -f o li n d t  cd b e c r  i t  i  c a 1 , a 11 In a u g hi t  hi e v i s u a 1 
p i c t  u r  e cd f  t  In e s e p a r  a t  i cd n p r  cd v i  d e d Id  y t  In e r  e f  r  a c t  i v e 
i n d e x  d e t e c t o r  was Ine 1 p f u  1 i n  th i is  c cdn t e x t .  B e p a r a t i cdn of
r e s i d u e s  -from t h e  l i p i d  was o n l y  j u s t  a d e q u a te  and -for
m i l k  s a m p 1 e s o f In i g In f  a t  c o n t  e n t , t  In e 1 i p i d b a n d c cd u  1 d 
e a s i 1 y e n c r  o a c In cd n t  In e r  e s i d u e b a n d s .  T In i s p r  cd b 1 e m c cd la  1 d 
b e r  e f n e d i e d b y u s i  n g a l o  n g e r  l-l P L C co l  u m n cd r  p cd is s i b 1 y by 
m cd d i -f y i n g t. In e m o b i 1 e p hi a s e c: o m p cd s i t  i cd n , a 11 hi cd u  g In a m o r  e
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s  e  1 e  c  t  i  v  0 m o  b i l e  p h  a  s  e  m a y  g i v e  r  i  cj e  t  o  1 i  p i  d  s  o  1 u  b  i  1 i  t  y 
p  i'" o  b  1 e  m c j  ( s  e  e  8  e  c  t  i  o  11 4 «  2 .  3 .  - f a  r  f  u  r  t  h  e  r  d  i  s  c  u  s  s  i  0 n  ) .
I  n  c  o  r  r  e  c  t  - f r a  c  t  i  cj n  t  i  m i  n  g  c  e  u  1 d  g i v e  r  i  s e  t  □  1 o  s  s  a f
r  e  us i  d  u  e  s  cj r  a l l o w  1 i  p i  d  b  t  cj p a  s  s  i  n  t  cj t  Is e  r  e  s  i  d  u  e  
f r a c t i o n  «
R e c o v e r  i  e s o f  d  e 11 a H C H a n d P C B 16 9 w e r  e r  o u t  i  n e 1 y 3. cj w . 
The reasons  f o r  t h i s  a re  no t  c l e a r  bu t  HCH isomers can 
degrade t o  t r i c h lo r o b e n z e n e s  and t h i s  may accoun t  f o r  t he  
1 o s s o f  t  h e d e 11 a i s cj m e r  . Deg rada t ion  o f  P C B 169 s cj cj m cj 
v e r  y u n 3. i  k e 1 y a n c:l a d s o r  p t  i  cj n o n t  cj g 1 a cj s  w a r  e m a y a c c cj u  n t  
•f o r  t  h e 1 o cj cj o  f  t  h i s  m a t  e r i a l .  T h e 3. o cj cj cj f  cj n d r  i  n p r  cj v  cj c:l 
t o  be even more e n ig m a t ic  s in c e  r e c o v e r i e s  seemed t o  be 
e i t  h e r  h i g h cj r  low. D cj g r  a d a t  i  o n o r  a d cj o  r  p t  i o n m a y a c c o u n t  
f  cj r  s  o m e cj f  t  h e 1 o s  s  a 3. t  h cj u  g h t  h i  s would n o t  cj y, p 1 a i  n t  h cj 
wide v a r i a b i l i t y  o f  the  e n d r i n  r e c o v e r i e s ,  A more l i k e l y  
e x p 1 a n a t  ion  w o u 1 d b e a s h i  f  t  i  n r  e t  e n t  i cj n o n t  h e H P L C 
s y cj t  e m w i  t  h v a r  y i  n g 1 i  p i  cj c o n t  e n t  „ A h i  g h 1 i  p i  cl 
c cj n c e n t  r  a t  i cj n m a y c a u s e t  h e cj n d r  i  n t  o e 1 u t  cj i  n t  h cj 1 :i. p i c:l 
band; t h i s  seems a l l  the  more l i k e l y  in  v iew of  the  f a c t  
t h a t  a 1 c j r  i  n e 1 u t  e s m a i n l y  i n t  h cj l i p i d  b a n d cj v  e n a t  1 o w 
1 i  p j. cj c c j  n c: e n t  r  a t  i  cj n cj , F” u r  t  h e r  m cj r  e , cj n c j r  i n a 1 w a y s s e cj m cj d 
t  c j b e r  e c:: c j vered w h e n cj p i k e cj a m p 1 e s were c leane  d u p o v e r  
two i n j e c t i  ons ( i . e .  over  two 2 ml i  n j e c t i  ons w i th  a 1ow
con c e n t  r  a t  i o n o f  1 i  p i. d in  each as cj p p o cj e cj t  cj a s i n g l e ,
h  i  g  h  1 i  p i cj c o n t  e n t  i  n j  cj c  t  j. cj n ) »
"I” h  e G C  b  a  n  d  b  r  o  a d  e n  j. n  g s e  e  n  i  n  cj o  m e  s a  m p 1 e s f  o  r  b  e t a  -  l-l C H
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a n cl t  h e 4 , 4 '  -••• cl i  b r  cd rn cd b i p h e n y 1 i  111 e r  n a I  s t  a n d a r  d w a cd 
p i'” o b a b 1 y c:l n 0 t  o i  n cd la f  f  :i. 0 :i. 0 n t  s a rn p I 0 c 1 0 a n -  u p .. A g a i n ,  a 
1 cd id  g 0 r  l-l P L C c: cd I  la rn r i a n d a 1 cd o a 1 o n g 0 r  r  01 0 n t  :i. o n g a p w cd h  1 d 
r  0 d la G0 t  h  i  s p r  □  b 10 rn „ T h 0 r  0 t 0 n t  :L cd n g a p la s 0 d wa s cd n 1 y 2 m  
1 cd i’d g w I’D i c I’D w a cd b a r  0 1 y a c:l 0 q n a t e  f  o r  t  h 0 1 0  p  I i  n j  e c t  :i. cd i d cd 
m  a d 0 a n c:l cd cd rn 0 - f  I  o cd d :i. n g o f  t  h  0 a n a l  y t  i  c a I  c  cd 1 la m  n rn a y I’d a v  0
cd c c la rre d c:l 0 s p x t 0 t  I d 0 1 cd td g i td j  0 0 i  i  cd i d t  i m  0 o f  15 cd cd 0 0 i d cl s «
1“ « 1 0n d i tdg t h 0 i  n j  00 i  i  on t  i rn0 t o  20  s 0c:oidc:lcd s 00 rn0 d t o  Id01 p 
b la t  t  h x cd w a cj n ever" r i g  o r  cd la cd 1 y 0 s t  a b 1 i  cd h 0 cj. X t  wa s
c o n s i d e r e d  t o  be s t r a n g e  t h a t  o n l y  b e t a - H C H  and t h e  
4 , 4 ' - •  d i  b r  cd rn cd b i p h 0 n y 1 w 0 r  0 a f  f  e 0 1 cd cl« "I" h x c j  w cd la 1 cl i  n d i  c a t  cd
t  h a t  i t  w a cd n cd t  cd i rn p 1 y a -f ]. cd q d i n g  p r  cd I:d I 0 rn cd i n cr. 0 a 1 1
0  cd m  p g  la  n d cd tA) o u  1 d t  I’D 0 I’D b 0 a f f e c t e d .  I t  s cd 0 rn  cd rn o  r  0 1 i  k  01 y 
t  h  a  t  t  I d 0  b  r  g  a  d  cd n i  n g  w a  cd d  l i  0  t  g  s  p  0  c: i  f  x c:: r  0 1 0  n t  i  cd rD o  f  t  I d 0
a  f  f  0  0 1 0  cj 0  g  m p □ la  n cj cd b  y a  0 0  n t  a  rn x n a  n t  i  n t  h 0  cd a rn p  1 0
C D O l L i t  X CD I’D .
H x g h b ]. a n k d 01 0 r  rn i n a t i o  n s f  o r  cd o rn 0 cd f  t  I’D 0 a i d a 1 y 1 0 cd ,
p a r  t  x c la 1 a r  1 y g a m rn a •- HCH , cl j. cd I d r  i i d a i d d P C B 118 , w cd r  cd
0 n 0 g li n 1 01'" 0 c j w i t  I d s g rn 0 g f  t  h 0 cd a rn p ie  cd . T I d 0 gam rn a -  l-l C H a n d
t  h 0 d i cd 1 d r  i i d w 0 r  0 p r  0 cd cd i d t  cd n a 0 0 g li n t  a f  t  I d 0 f  i b r  a li cd
0 cd 11 la 1 cd cd 0 b 0 i  n g cd 1 d ( 1 9  6t 0  cd ) a n d cd f  p 1 a  n t  o r  i  g i  i d a i d d i  ’I: i  s
1 i  k o:d 1 y t  h a t  t  h e p 1 a n t  cd f  r  cd rn w h i cd I d t  h e 0 0 11 la 1 cd cd e w a cd
d 0 r  i  v e d h a d b 0 0 n t r e a t e d  w i  t  h t  I’D 0 s 0 p 0 cd t  i 0 i d 0 cd „ T h 0 P C B
118  0 cd n t  a rn i n a t  i cd n a r  cd cd 0 a cd a 0 cd n cd 0 q la 0 i d 0 0 cd f  t  I d 0
u I’D f  cd r  t  la I’D a t e  need  t o  c a r r y  cd la t  cd y n t  Id 0 1 i 0 w cd r  k j. n t  h 0 s a rn 0 
1 a b o r  a t  cd r  y a cd t  h e r  0 cd i  d u e w ar k w I d :i. 0 h r  0 cd la 11 0 cl j. i d 
0 cd i d t  a m i I’D a t  j. cd n cd f  t  h 0 a cj s cd r  b 0 n t  d 0 cd p i  1 0 0 a r  0 f  u 1 0 10 a n i n g
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□ f t  h 0 w o r  k s la r  f a c e  s a n d 0 c;| la i p m e n t . W a s h i n g t  h 0 a d s o r  b 0 n t  
I") y t  h □ r  o u g h S o x h l e t  0 y, t  r  a c:: t  i  cd n r  0 d la c 0 d t  h i  s p r  o b 1 0 rn b la t  
d i d 11 a t  0 1 :i. m i n a t e  i t  a n d i t  w o u 1 d b 0 d 0 s i r  a b 1.0 -f c:j r  a m a r  0 
0 f -f 0 c t  i  v 0 wash i n g p r  oc 0 d lar 0 t  o b 0 ad op 1 0 d . Th 0 p r  0 c 0 d lar 0 
la s 0 d 0 m p I  g y 0 d h 0 p t  a 110 a s t  h 0 s 0 1 v 0 n t  a 11 d 0 t  r  a c t  i o n w a s 
c::ar r  i 0 d o u t a v e r n  i  gh t , blat t h 0 th  i mb I 0 u s 0 d was v 0 r  y 
l a r g e  and p e r m e a t i o n  o-f t h e  s o l v e n t  i n t o  t h e  c o r e  o f  t h e  
a d s o r  b 0 n t  may h a v e  I:)0 0 n :i. n a d e q u a t e .  I  n add :i. t  :i. on ,, t  h 0 s i z e  
o-f t h e  Sox h l e t  ap p a r  a t  las made t h e  c y l i n g  r a t e  s lo w  ( a b o u t  
4 t o  5 c y c l e s  p e r  h o u r ) .
11 was a 1 s o o b s 0 r  v 0 d t  h a t  t  h 0 1 a r  g 0 G C i n j  0 c t  i o n v o 1 la m 0
and t h e  d e s i g n  o-f t h e  i n j e c t o r  p o r t  w e r e  such t h a t  a 
s m a 11 a rn a u n t  o f  1' c a r  r  y -  o v 0 r  " -f r  o m t  Id 0 p r  0 v i  o la <:;> i n ,j 0 c t  i c.:) n 
was a r e g u l a r  occurrence '  and t h i s  added t o  t h e  p r o b l e m  o f  
h i g h  b l a n k  r e s u l t s .  T h o ro u g h  c l e a n i n g  o f  t h e  i n j e c t o r  
p o r  t  c la r  e d t  Id i  s p r  o b 1 e m, b la t  s la c h c 1 0 a n i  n g c o la 1 d n o t  b e 
c a r  r  i 0 d o  u t  d u r  i  n g a r- u n a n d s o s cd m 0 c a r  r  y ~ o v e r  -f r  cd m 
i  n j  ec t  i on t  cd i  n j  ec t  i  on was i  n e v i  t a b l e .
A n cd t  h e r  -fa c t  cd r  a d c:l i n g t  o t  h e v a r  i a b i 1 :i. t  y cd -f r  0 s la 11 s w a s 
th e  s m a ll  rmmber o f  s ta n d a r d s  a n a ly s e d  d u r in g  a GC-MS 
r  la n « D la 0 t  o t  h e 1 i m i t  e d t  i m cd a v a i I a b 1 e f  o r  G C -  M 8 w o r  k , 
o n 1 y t  w cd s t  a n d a r  cJ s  (p i  u s a n A r  cd c 1 o r  «•> t  a n d a r  d -f cd r  '11 o t  a 1 
P C B " <i  0 1 0 r  m .i. n a t  i o id ) c o la 1 d b e a n a 1 y s e d c:l u r  i n g a r  la n cd -f t  w o 
m i 1 k s a m p 10 s i n d u p l i c a t e ,  a b 1 a n k a n d a s p i k e . A r  la n 
w cd u 1 d r  cd la t  i I'D 0 1 y l a  s t  a b cd u t  n i n 0 h o u r  s a n d d r  i -f t  i n t  h 0 
s 0n s i  t  i v i  t y  o-f tI'd0 GC- MS s y s 1 0m may w e l l  o ccu r  dur :i. ng
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t h i s  t im e .  A n a ly s in g  so -few s ta n d a rd s  d u r in g  a n in e  hour  
run  wola 1 d n o t  be su f f  i d i e n t  t o  a c c o u n t  -f o r  such d r  i t .
A s :i. id u s u a I , e x p e r  i e n c e i n u s i n g t  h e m e t  h □ d a p pea r  e d t  o
:i. m p r  o v  e t  h e  q u a 1 i t  y  o f t  h e r  e is la 11 s o b t  a  i n e d , Id la t  p r  o b 1 e m s
s t  i 11 r  ema i n u Th e -f a 11 ow i n g i mp r  overtien t  s i n t  h e met h od
s h o la 1 d e  n Id a  n c e  m e  t  h o d p e  r  -f o r  rn a  n c e  s
1. Was h t  h e a d s o r  Id e n t  m o r  e t  h o r  o u g h 1 y b e -f o r  e la id e a n d
a l l  o c a te  a iaior k  a r e a  so 1 e 1 y f o r  r e s i  due work „
2 .  Use a 3 - b a l l  Snyder column in  th e  KLAderna-Dani sh 
e v a p o r a t o r s .
3 .  Evap o r  a t e  t  h o 1 a id t  p o r  t  i o n o f t  h e <:: r  la d e e x t  r  a c t  cd v e r
a i  r  i n □ r  d er  t o  a v o id  s p a 1 1 e r  i ng o-f t  he e x t r  ac t  i n t  he
l< la d e r n a -D a n i  id h r e c e i v e  r  t  la Id e «
4 . LJ s e a 1 o n g e r  H F' L C c o 1 la m n ( is a y 400 m m) I: o i m p r  o v e 
1 i p i d /  r  e s i d la e s e p a r  a t  i o n a n d m a k e f  r  a c t  i o n t  i m i n g 1 e s s 
c r  i t  i c a 1 .
5 . LJ id e a 1 o n g e r  r  e t  e n t  i o n gap t  o p r  eve n t  f 1 o □ d i n g o f t  Id e 
a n a l y t i c a l  GC column and a c t  as a more e - f - fe c t iv e  gu a rd  
colum n.
6 . I n c o r  p o r  a t e  a b a c k -f 1 la id Id i id g id y id tern -f a r  t  Id e i n 3. i id e 
FIPI....G -f i 11 e r  i id o r d e r  t o  a v o i d r e p e a te d  d i sman13. i idg a-f tIde 
H P l.„ C c l e a  id -  la p system  d u e t  o b io  c k age .
7» U s e a 1 o n g e r  (3 (!!! c cj 1 la m n a id d c Id e c k t  l"i e s e p a r  a t  i o id 
( e i t h e r  by GC or MB) o-f a l l  209  PCB c o n g e n e rs .  A 
t  r  i -f 1 u o r  o p r  o p y 1 p Id a s e id Id a u 3. d a c Id i e v e t  Id i id b u t  1 i q u i c:l 
c r  y s t  a 11 i id e p Id a s e s w o la 1 d b e w o r  t  Id y o f i id v e s t  i g a t  i o n .
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8 u A n a  ]. y  s  e  rn o r  0  s  t  a  n d a r  d s  d u r  i  n g eac: h G C -  N S r  u n .
9 » A b e t t e r  d e s i g n  o-f GC i n j e c t o r  p o r t  o r ,  p e r h a p s ,  a  P T V
0  r  o n c: o 1 u rn n i  n j  e  c t  o r  w o li 1 d I::) e  a  u  s e  f  n 1 rn o d i  f  i  c a  t  i  o n »
1 0 » A n a  u t  o rn a t  e  d d a  t  a  h a  n d 1 i  n g s  y  s  t  e  rn w i  t  h a  n :i. rn p r  o v  e  d 
p e  a  k rn e a  s  u r  i  n g a 1 g o r  i  t  h rn w  o u I d  a  1 s  o b e  a  rn a j  o r
1 m p r  o v e m e n t
A f  t  e  r  rn a k i  n g t  h e  a  b o v e  m a d i  f  i  c a  t  i o n s  t  o t  h 0  rn e t  h o d , t  h e  
p r  o c e  d u r  e  s  h o u 1 d b 0  r  0  a  d y  f  o r  f  u r  t  h 0 r  r  u g g 0 c:l n 0  s  s  t  e  s  t  i  n g 
a l o n g  t h e  l i n e s  p r o p o s e d  b y  V o u d e n  a n d  S t e i n e r  i 3  1 > .  As  
t  h e  rn 0 1 h o d s  t  a  n d s  , i  t  i  s  p r  o b a b 1 y a  d e q u a t e  f  r:> r  r  o li t  i  n e  
li <s e  , b li t  a  f t  e  r  rn o d i f  i  c a ‘t: i  o n a  n d m o r  e  t  h o r  o i x  g h v a  1 i  d a  t  i  o n , 
t  h 0  p r  o c 0  d i x  r  0 s  h o u 1 d r  0  p r  0  s  0  n t  a  s  i  g n i  f  i  c:: a n t  a c:l v a n c 0  o v e  r  
c li r  r  e  n t  rn e  t  h o d s  i  n t  e  r  rn <;:> o f  p r  e  c i  s  i. o n , 1 a  b o li r
i n t e n s i v e n e s s  a n d  u s e  o f  c o n s u m a b l e s  a n d  o u g h t  t o  b e  
0  n t  i  r  0 1 y  a  c c 0 p t  a  b 1 0 a  s  a  r  o li t  i  n e  p r  o c 0  d u  r  e .
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A P P E N D I X 1.
P r o  t o n  NMR d a t a  and 70  eV E l  mass s p e c t r a  o-f PCBs 9 7 ,  
1 1 8 ,  1 5 6 ,  1 5 7 ,  169 and 189 .
h 2 CO
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2 , 2 ' , 3 ' , 4 , 5 -  
p e n t a c h l o r o b i p h e n y l
7 . 6 0 s  * 7 . 3 6 s  * 7 . 5 4 d d  *  
3 J = 8 .0 H z
MA *  . HO *
* J » 1 . 6 H z
HA *  . H *  *
7 .  2 B t  
= J = 8 . 0 H z
HB ‘  , MA •
® J = 8 .0 H z
HO * . H 4 *
7 .  14 d d *  
® J = 0 .O H z
H 4 *  . HO *
• J o  1 .6 H z
HA *  ,H «  /
PCB 1 1 8
2 , 3 ' , 4 , 4 ' , 5 -  
p e n t a c h l o r o b i  p h e n y l
7 . 5 9 s * 7 . 4 1 s * 7 . 50 d  
- J - 2 . 1 H z
Ha *,H k  '
7 .  52 d
4Hz
HO * , H 4 *
7 . 2 4 d d  
® J = 8 .4 H z
H A ‘ , HO •
• J » 2 . 1 H z
HA •  , Ha '
PCB 15 6
2 i 3 , 3 ' , 4 , 4 ' , 5 -  
hex a c h 1o r o b  i p h e n y l
7 . 3 6 s 7 .  47d  
* J = 2 . 1 H z
H I  '  , M 4 *




•J=2.1HzHA ' .H3 *
PCB 157
2 ,3 ,3 ',4 ,4 ',  5' — 
he*: ach 1 orob 1 phenyl
7.46d * 
3J=B.4HzMO , H6




3 ,3 ' ,4 ,4 ' ,5 ,5 '-  
hexachlorobiphenyl
7.54s 7.54s 7.54s 7.54s
PCB 189
2,3,3 ',4 ,4*5,5 '-  
heptachlorobi phenyl
7.36s 7.41s 7. 41s
H NMR data for selected PCB congeners. The instrument used for the acquisition of the data was 
a JEOL GX 270 FT-NMR. The samples were dissolved in CDC1 with TMS as internal reference standard. 
Spectra were recorded at 20 C using 32k data points and 64 scans. Resolution was 0.2Hz.
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70 eV El mass spectrum of PCB 156
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O r i g i n a l  t e s t  ch roma togr  am and r e - r u n  o-f t e s t  m ix tu re  for 
P cd 1 y m e r  P L R P -  S c o 1 u m n a -f t  e r  10 m o n t  h s o f  la s  e »
Serial No:






300 x 7 .5
7 :1  ACN/H2D Plates/metre (1 /2 h t):
Flow Rate:(ml/min): 









Plates/metre (5.O’ ): 
Symmetry (@10%): 
Elution Time (Sec): 





1 8 . 1 1
80. 80
D i ethyl p h t h a l a t e
P hen o l
Toluene
O R I G I N A L  T E S T  C H R O M A T O G R A M
E l u t i o n  times (Secs.)
P henol 6 6 2 .O
Die t h y l  p h t h a l a t e  89 7 . 0 
T o l u e n e  1 3 3 4 . 0
POLYMER Column:
LABORATORIES LTD. Part No:











25 20 15 10 5 0
M i n u t e s  af t e r  i n j e c t i o n
T e s t  m i x t u r e  run o n  P o l y m e r  P L R P - S  c o l u m n  after a b o u t  18 mon t h s  use. 
C h r o m a t o g r a p h i c  conditions as for o r i g i n a l  tes t  chromatogram.
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A P P E N D I X 3
□ r  g a  n o c h 1 □ r  i  n e  c □ m p □ u n d
ALDRIN DIELDRIN
R=CC1 p,p' DDT 
o,p* DDT
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Copy o f  q i.i e s t  i c:) n n a i r  e s u p p 1 i  e ("I t  o m i l  k s a m p I e c:l o n o r  s
CONFIDENTIAL
Specimen questionnaire -for mothers participating in the study
Name of Mother Reference No.
Date of birth (mother)
Weight of mother 
Height of mother 
Do you smoke?
Are you taking any drugs at present? (Please list them) 
Address
Date of birth (baby)
Weight of infant at birth
Please list any problems associated with baby (e.g. health 
problems, rashes, irritability etc.)
in the table
was it breast— how long 
fed (yes/no) for?
Number of other children: please fill 
Child No. date of birth
LJN:ethi cs
337
Please give brief details of places you have lived since birth, 
e.g. birth-1965 Weston, Bath
1965 -1976 On a farm, Wiltshire
1976 -present Oldfield Park, Bath
________ DATES________________.______ LOCATION
Please list your places of work and occupation since leaving 
school
Employer Occupation
Have you ever been exposed to agricultural and/or garden 
chemicals, for example, crop-spraying. Have you or do you work, 
live, or otherwise spend time near land where pesticides, 
insecticides, or herbicides are in regular use.
If so please give details e.g. at what age, type and duration of 
exposure.—
Thank-you for your time and co-operation. This data will be 
treated in the strictest confidence.
L J N : e t h i c s
AF'PENpiX
s o u r c e s .
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were otatai  n®d as C e r t  i f  i ed R®f ®rence  Ma10 r  i a 1 s 
f  r  am t  h 0  N a t i o n a l  Rhys i c a 1 Lab or  a t  o r  y , Ted d i n g t  on , 
M i d d l e s e x ,  UK.
Ar o c l o r s 1242 ,  124 8 ,  1254 and 1260 were p r o v i d e d  by D r .
M. C o o ke , ' Dep a r  t  ment o f  I nor  gan i  c Chemi s t r  y , Un i v e r  s i  t y  
o f  E i r i s t o l  , B r i s t o l ,  UK.
Al l  s o l v e n t s  used were o f  HPLC grade? and were supp 1 i e d  by 
Fi  s o n s , L ou ghboroug h , UK.
S i l i c a  g e l  60  ( 7 0 - 2 3 0  mesh ASTM) "Merck"  (77 3 4 )  f o r
column c h ro m a to g ra p h y  was o b t a i n e d  f ro m  BDH, Poole?, 
D o r s e t  UK.
F I  o r i s i  1 < 6 0 -100  mes h ASTM) was o b t a i n e d  f ro m  A l d r i c h
Chem ica l  C o . ,  G i l l i n g h a m ,  D o r s e t ,  LJK.
Sodium s u l p h a t e (a n h yd ro u s )  was o b t a i  ned f ro m  BDH, P o o le ,  
D o r s e t ,  UK.
Kei s e 1 guhr  was o b t a i n e d  f ro m  BDH, Poole?, D o r s e t ,  UK. 
F i b r o u s  c e l lu lo s e ?  was supp 1 i  ed by Whatman, Mai d s t a n e , UK. 
Choi e s t e r o l was o b t a i n e d  f ro m  Sigma C h e m ic a l ,  P o o le .
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D o r s e t ,  UK.
was s a p p l i e d  by J . M. L a v e r i d g e ,  Sa utham pton ,
UK.
H y p e rs i  1 Phen y l  HPLC p a c k in g  m a t e r i a l  was o b t a i n e d  f rom  
Sh andon Gout h e r  n , Rune or  n , UK.
Zorb ax  CDS p r  ep a r  a t  i ve HPLC c o 1umn was s u p p l i e d  by
Du Pont  (UK) L t d . , S t e v e n a g e ,  H e r t f o r d s h i r e , UK.
Po_l;yme^ F;;1....RP~B s e m i - p r e p a r a t i v e  HPLC co 1 umn was supp 1 ie d  
by Po1ymer Labor  a t  o r  i es  L t d . ,  Sh r  op sh i r e ,  UK.
H a m i l t o n  PRP- 1  HPLC column was s u p p l i e d  by H a m i l to n  
Company, PO Box 10 0 3 0 ,  Reno,  Nevada ,  USA.
QV-1  and QV--17 c a p i l l a r y  GC columns were o b t a i n e d  f rom  
A l l  t e c h  E n g la n d ,  C a r n f o r t h ,  L a n c a s h i r e ,  UK.
DB-210  (5 0 “/. t r i f  1 uor o p r opy l ) c a p i  1 l a r y  GC column was
o b t a i n e d  f rom  J & W S c i e n t i f i c ,  Rancho C o rd ova ,  
C a l i f o r n i a ,  USA.
CP..SiJL 5 column was o b t a i n e d  f rom  Chrompack UK, London 
SW 16,  UK.
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Clean-up and separation of chlorobiphenyl isomers after synthesis by 
Cadogan coupling using preparative high-performance liquid chro­
matography
M . P. SEYM O U R , I. W. D U N C A N , T. M . JEFFERIES* and L. J. N O T A R IA N N I
School of Pharmacy and Pharmacology, University of Bath, Claverton Down, Bath BA2 JAY ( U.K.) 
(Received July 8th, 1986)
The analysis of environmental samples for polychlorinated biphenyl (PCB) 
content is a common procedure. There are 209 possible PCB congeners with many 
exhibiting widely differing toxicities1. Levels of PCB contamination are generally 
expressed as a “ total PCB” figure, usually obtained by a gas chromatographic (GC) 
pattern-matching technique or by a perchlorination method. Doubts have been ex­
pressed as to the accuracy and precision of these approaches to the quantification of 
PCBs2’3. Furthermore, these methods provide little or no information with regard 
to the identities of the individual congeners present in the sample, thus rendering the 
analysis of little value for toxicological evaluation. Consequently, the trend is now 
towards congener-specific analyses for PCBs using capillary GC methods2’4. Such 
methods require the use of individual congeners either as surrogate standards5’6 or, 
preferably, as individual standards for each chlorobiphenyl analyte2. Unfortunately, 
less than half of the 209 congeners are available commercially and so workers fre­
quently have to resort to in-house synthesis of their own standards7’8. Syntheses are 
relatively straightforward and for most chlorobiphenyls are achieved by the coupling 
of a chloroaniline-generated radical to a chlorobenzene in an excess o f the chloro­
benzene7’9. Unfortunately, the yields of such syntheses are low and produce a number 
of by-products. Additionally the use o f a chlorobenzene with non-equivalent hydro­
gens gives rise to a mixture of chlorobiphenyl isomers. The clean-up of the chloro­
biphenyls produced by this type of coupling (Cadogan coupling10) is laborious and 
the separation of chlorobiphenyl isomers can be extremely difficult, often being 
achieved by using repeated preparative thin-layer chromatography (TLC)7. De­
scribed below is a clean-up procedure followed by a preparative high-performance 
liquid chromatographic (HPLC) separation method for selected pairs of chlorobi­
phenyl isomers produced by Cadogan coupling.
E X P E R TIM E N T A L  A N D  RESULTS
The coupling reactions were chosen such that no more than two chlorobi­
phenyl isomers would be produced. The Cadogan coupling was performed in an 
excess of the selected chlorobenzene and after the reaction had taken place the first 
step in the clean-up procedure was the removal of this excess. This was done by
0021-9673/86/S03.50 ©  1986 Elsevier Science Publishers B.V.
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distillation under vacuum. The residue, which was a deep red-brown colour, was 
dissolved in a minimum of hexane and was transferred to the top of a 300 mm x 50 
mm I.D. column of silica (Kieselgel 60, 70-230 mesh ASTM, Merck; wet-packed in 
hexane) and eluted with hexane. The chlorobiphenyls and any remaining chloroben­
zene were virtually unretained by the silica and were the first components of the 
residue to elute from the column. Most of the by-products of the reaction Appeared 
to ’be coloured compounds ranging from a deep red-brown to a light yellow colour. 
These were separated by the silica-hexane system with the darker pigments being 
retained at the top of the column and the lighter ones eluting close to the chlorobi­
phenyls. It was found necessary to collect a little of the light-yellow band with the 
chlorobiphenyl fraction in order to obtain maximum recovery of the chlorobiphenyls. 
The chlorobiphenyl fraction was then evaporated to dryness using a rotary evapo­
rator.
TABLE I  '■"(f: f j v
PCB ISO M ER  PAIRS S TU D IE D  A N D  M O B ILE  PHASE USED>F©R T H E IR  SEPARATION
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distillation under vacuum. The residue, which was a deep red-brown colour, was 
dissolved in a minimum of hexane and was transferred to the top of a 300 mm x 50 
mm I.D. column of silica (Kieselgel 60, 70-230 mesh ASTM, Merck; wet-packed in 
hexane) and eluted with hexane. The chlorobiphenyls and any remaining chloroben­
zene were virtually unretained by the silica and were the first components of the 
residue to elute from the column. Most of the by-products of the reaction appeared 
to 'be coloured compounds ranging from a deep red-brown to a light yellow colour. 
These were separated by the silica-hexane system with the darker pigments being 
retained at the top of the column and the lighter ones eluting close to the chlorobi­
phenyls. It was found necessary to collect a little of the light-yellow band with the 
chlorobiphenyl fraction in order to obtain maximum recovery of the chlorobiphenyls. 
The chlorobiphenyl fraction was then evaporated to dryness using a rotary evapo­
rator.
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The isolated isomer fractions were evaporated to dryness in a rotary evapo­
rator (starting at a low temperature to remove the T H F , then increasing the tem­
perature to remove the water). The individual isomers were then recrystallised from  
methanol and dried. Identities and purities were confirmed using capillary G C , 
and 13C N M R  and mass spectrometry. Purities as determined by capillary G C  are 
shown in Table I I .
TABLE II







* Assuming equal response factors for all peaks in the chromatogram.
DISCUSSION
Chlorinated biphenyls are very non-polar substances and are not retained by 
silica. Reversed-phase systems provide more retention and therefore better conditions 
for attempting a separation o f chlorobiphenyl isomers. The isomers produced by the 
Cadogan synthesis are inevitably very similar, containing the same number o f chlo­
rines and the same substitution pattern in one o f the rings (the ring provided by the 
chloroaniline, see Fig. 2). This leaves relatively few differences to exploit in order to 
achieve a separation. However, although the chlorines in the ring provided by the 
chlorobenzene will have the same pattern with respect to each other in all the chlo­
robiphenyl products, the pattern o f substitution o f the chlorines with respect to the 
ring bridge will be different (see Fig. 2). This has two main consequences; firstly, 
increasing the degree o f ortho  substitution will affect the dihedral angle between the 




Fig. 2. Synthesis of PCBs 118 and 97 by Cadogan coupling.
NOTES
The isolated isomer fractions were evaporated to dryness in a rotary evapo­
rator (starting at a low temperature to remove the T H F , then increasing the tem­
perature to remove the water). The individual isomers were then recrystallised from  
methanol and dried. Identities and purities were confirmed using capillary G C , 'H
and ,3C N M R  and mass spectrometry. Purities as determined by capillary G C  are 
shown in Table I I.
T A B LE  II
P U R ITY  OF PCB ISOMERS BY C A P IL L A R Y  GC A F T E R  C LE A N -U P  SEP A R ATIO N  A N D  RE­
CRY STALL1SATIO N





*  Assuming equal response factors for all peaks in the chromatogram.
DISCUSSION
Chlorinated biphenyls are very non-polar substances and are not retained by 
silica. Reversed-phase systems provide more retention and therefore better conditions 
for attempting a separation o f chlorobiphenyl isomers. The isomers produced by the 
Cadogan synthesis are inevitably very similar, containing the same number o f chlo­
rines and the same substitution pattern in one o f the rings (the ring provided by the 
chloroaniline, see Fig. 2). This leaves relatively few differences to exploit in order to 
achieve a separation. However, although the chlorines in the ring provided by the 
chlorobenzene will have the same pattern with respect to each other in all the chlo­
robiphenyl products, the pattern of substitution o f the chlorines with respect to the 
ring bridge will be different (see Fig. 2). This has two main consequences; firstly, 
increasing the degree o f ortho  substitution will affect the dihedral angle between the 
rings and restrict the rotation about the ring bridge12. Secondly, the difference in the
ci
Fig. 2. Synthesis o f PC'Bs 118 and 97 by Cadogan coupling.
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since eliminating such contaminants by recrystallisation could prove to be very dif­
ficult.
CO NC LU SIO N
The use o f a preparative ODS column with a TH F-w ater mobile phase has 
been shown to exhibit useful selectivity for the separation of chlorobiphenyl isomers 
after synthesis and preliminary clean-up. This HPLC approach is deemed to be more 
convenient and less time-consuming than repeated preparative TLC.
It should be borne in mind that certain chlorobiphenyl congeners are very 
toxic both by ingestion and skin contact. Appropriate precautions should be taken 
to prevent contamination of workers, and equipment should be decontaminated after 
use.
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Limitations in the Use of Nickel Boride Dechlorination for 
the Analysis of Polychlorinated Biphenyls
M. P. Seymour, T. M. Jefferies,* and L. J. Notarianni
School of Pharmacy and Pharmacology, University of Bath, Claverton Down, 
Bath BA2 7AY, United Kingdom
The d e t e r m i n a t i o n  of p o l y c hlorinated biphenyls (PCBs) in 
environmental samples presents the analyst with many problems. 
PCBs occur as complex mixtures in the environment at variable 
concentrations ranging from the low ppb to the ppm level. Most 
sample extracts need to be subjected to an extensive cleanup 
procedure prior to GC analysis. An electron-capture detector is 
the most commonly used detector but cleanup procedures may still 
let electron-capturing species remain in the extract, so the 
identities of the eluting peaks must be confirmed.
In order to overcome some of these problems, perchlorination of 
the PCBs has been used; this gives rise to one GC peak 
(decachlorobiphenyl) which is well removed from most interfering 
peaks, but this technique has been found to be qualitatively and 
quantitatively unreliable (De Kok et al. 1982; Duinker et al. 
1980). Dechlorination has also been proposed (Dennis et al. 1979; 
De Kok et al. 1980; Kennedy et al. 1982) but we find that this 
also is unsatisfactory and do not recommend its use.
MATERIALS AND METHODS
A nickel boride dechlorination method (Dennis & Cooper 1977; 
Dennis et al. 197 9) was employed whereby a precipitate of nickel 
boride is produced In situ according to the reaction:
9 ^ 0  + 2NiCl2 + 4NaBH4 — > 12.5H2 + 4NaCl + 3H3B03 + NijB
(Dennis & Cooper 1975)
A total of fifteen experiments were performed; they fell into 
three groups:
i) Solutions of each of three Aroclors (1242, 1248 and 1260, 5 mL 
of approximately 150yg/mL each) were placed in 250-mL round 
bottomed (r.b.) flasks. 2-Propanol (25 mL) and 2M NiCl2 (aq. 
0.5 mL) were added.
* Correspondence and reprint requests.
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To each of these was added, dropwise, 3 0 mmol of NaBH^ dissolved 
in 4 mL of distilled water. Thus, each reaction mixture comprised 
approximately:
PCB : Ni2+ : NaBH^
2.8 ymol:1000 ymol:30000 ymol 
in 25 mL of 2-propanol + 4.5 mL of water + 5 mL of n-heptane.
The mixture was allowed to react, with stirring, for 2 h at room 
temperature after which time 100 mL of distilled water was added. 
The reaction products were then extracted with n-heptane and made 
up to a known final volume.
ii) Solutions of each of the three Aroclors in n-heptane (5 mL of 
15 yg/mL) were placed in 250-mL r.b. flasks and evaporated just to 
dryness over air. NaBH^ powder (500 mg) was added to each. 2- 
Propanol (0.5 mL) and distilled water (0.5 mL) were added; then 2M 
NiCl2 (ag. 0.3 mL) was added dropwise. So, each react ion m ixture 
comprised approximately:
PCB : Ni2+ : NaBH^
0.3 ymol: 600 ymol:13000 ymol 
in 5 mL of 2-propanol + 0.8 mL of water.
The mixture was allowed to react, with stirring, at room 
temperature for 75 min. Distilled water (150 mL) was then added 
to the flasks followed by concentrated HC1 dropwise until no 
further hydrogen was produced. The mixture was then steam 
extracted for 3 h by using a Nielson-Kryger unit (Veith & Kiwus 
1977) into n-heptane and diluted to a known final volume.
iii) A solution of PCB (4 mL of 131 yg/mL Aroclor 1260 + 125 yg/mL 
Aroclor 1242) in n-heptane was pipetted into a 25-mL r.b. flask. 
This was evaporated just to dryness in a rotary evaporator at 
45°C. NaBH^ powder (1.0 g) was added followed by 8 mL of 2- 
propanol. 2M NiCl2 (aq. 1 mL) was then added, dropwise, so the 
reaction mixture comprised approximately:
PCB : Ni2+ : NaBH^
3.3 ymol:2000 ymol:27000 ymol 
in 8 mL 2-propanol + 1 mL of water.
The reaction wa s  a l l o w e d  to proceed for 45 min at room 
temperature. After this time the reaction mixture was transferred 
quantitatively to a 100-mL separating funnel with about 70 mL of 
distilled water and extracted with n-heptane. The extract was made 
up to a known final volume.
All organic solvents were of high purity and analyses were 
performed by using capillary GC with a 25 m 0.35 mm i.d. SE-30 
equivalent column. Flame ionisation detection was employed. 
Quantitative work was performed using either 4-chloro-m-cresol or 
4,4'-dibromobiphenyl as internal standard.
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RESULTS AND DISCUSSION
Experiments in group (i) gave seven main peaks plus a very small 
amount of reduced biphenyl (probably phenylcyclohexane) for all 
three Aroclors studied (see Fig. 1). The proportions of the peaks 
varied slightly depending on the Aroclor used but biphenyl was the 
main product in every case. The six peaks eluting after biphenyl 
are mono- and die hi or obi phenyls - probably ortho isomers since, 
due to steric effects, ortho chlorines are more difficult to 
remove from the biphenyl nucleus than meta and para chlorines. The 
presence of the chlorinated biphenyls also c o n f i r m s  the 
observation of Kozloski (1985) that n-alkanes reduce the 
efficiency of the nickel boride catalyst. There was no significant 
residue of higher chlorinated biphenyls left in the sample. 
Recoveries were not determined.
Group (ii) experiments gave biphenyl in good yield but left a 
small amount of monochlorobiphenyl remaining and also produced 
significant amounts of reduced biphenyl (see Fig. 2). The recovery 
results are shown in Table 1.
Table 1. Recoveries from group(ii) dechlorination experiments.
PCB Source Mean recovery of biphenyl 
expressed as percentage of 
theoretical yield.
Mean total recovery 
expressed as percentage 
theoretical yield of 
biphenyl.
Aroclor 1242 74 % 83 %
Aroclor 1248 75 % 80 %
Aroclor 1260 58 % 73 %
Based on total peak areas.
We have previously validated the efficiency of the steam 
extraction method for biphenyls and PCBs ( unpublished results) 
and found it to be almost 100% efficient at the levels being 
considered when extracting from aqueous media.
The production of reduced biphenyl in significant amounts 
demonstrates that the activity of the catalyst is not immediately 
destroyed by the addition of the concentrated HC1. The nickel 
boride dissolves under the action of the acid after boiling for 
about three min in the steam extraction apparatus, to give a pale 
green solution (presumably of NiClj). In the time between heating 
the reaction mixture and the dissolution of the catalyst, the 
conditions in the flask seem to be suitable for reducing the 
biphenyl nucleus. Under these conditions, it may be expected that 
any chlorines remaining on the biphenyl ring system would be 
removed. That this is not so may be due to the chloride ions from 
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Figure 2 G r o u p  (ii) De c h l o r i n a t i o n  Experiments
Experiments in group (iii) illustrate the fact that it is possible 
to obtain biphenyl as the sole product although a small amount of 
a monochlorobiphenyl (about 3% of total peak area) did remain in 
one sample (see Fig. 3). Recoveries for replicates varied from 75% 
to 82% of theoretical yield of biphenyl.
It can be seen that this d e c hlorination m e t h o d  has many 
shortcomings. The procedure is sensitive to reaction conditions 
and extraction methods. It is noteworthy that De Kok et al. (1982) 
found dechlorination with LiAlH^ also gave variable and possibly 
inaccurate results. The best recovery obtained in this laboratory 
was 85% of theoretical biphenyl yield. The loss may be due to a 
number of factors including incomplete dechlorination, incomplete 
extraction and loss of biphenyl by volatilisation.
Biphenyl is a volatile compound and we have found that any attempt 
to evaporate biphenyl solutions to dryness, particularly over air 
or in a rotary evaporator, can result in almost total loss of the 
biphenyl, particularly at low levels.
Another drawback of dechlorination methods is the increase in the 
limit of detection. Biphenyl is not significantly electron- 
capturing so GC-ECD cannot be used. Consequently, a flame 
ionisation detector must be employed or, if using an HPLC method, 
a UV detector. These detectors may not be sufficiently sensitive 
to detect the low levels of biphenyl produced by dechlorination of 
environmental samples. GC-MS does give a much lower limit of 
detection but may not be routinely available to the analyst.
Biphenyl itself is also an environmental contaminant and unless it 
is r e m o v e d  (e.g. by oxidation) from samples prior to the 
dechlorination step, it could artificially inflate the result 
obtained for PCBs.
Overall, the method is not satisfactory for the routine analysis 
of PCBs in enviro n m e n t a l  samples. The procedure is not 
sufficiently robust or reliable and the reaction requires the use 
of expensive reagents in considerable quantities.
The current trend in PCB analysis is towards the use of accurate 
congener-specific capillary GC methods (Ballschmiter & Zell 1980;
Bush et al. 1983? Safe et al. 1985). This allows the analyst to 
produce congener-by-congener assay results for toxicological 
evaluation. It is known that different PCB congeners display 
different toxicological profiles (Poland & Glover 1977? Safe 1984) 
and so analyses which provide the toxicologist with congener- «
specific data on the chlorinated biphenyls are far more meaningful 
than a method, such as perchlorination or dechlorination, which 
merely gives a single (possibly inaccurate) result for total PCB ,
concentration. Congener-specific methods are also less Involved in 
that the chemical modification of the PCBs is avoided thus 















3 Replicate Group (iii) Dechlo r i n a t i o n  Experiments
We believe that dechlorination methods of PCB analysis should, on 
the whole, be rejected for the reasons outlined above, in favour 
of congener-specific analyses which, in the absence of major 
interferences, seem to provide more accurate and meaningful data.
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Large-scale Separation of Lipids From Organochlorine Pesticides and 
Polychlorinated Biphenyls Using a Polymeric High-performance 
Liquid Chromatographic Column
Mark P. Seymour, Terry M. Jefferies* and Lidia J. Notarianni
School o f Pharmacy and Pharmacology, University o f Bath, Claverton Down, Bath BA2 7AY, UK
The separation of organochlorine pesticides and polychlorinated biphenyls from a high concentration of lipid 
has been achieved using a polymeric column designed for high-performance liquid chromatography. The 
method, which can be used as a clean-up step in residue analysis procedures, has a high lipid capacity but low 
solvent consumption. Recoveries of both lipid and selected organochlorine compounds were routinely over 
90% at p.p.m. levels.
Keywords: Polymeric high-performance liquid chromatographic columns; organochlorine pesticides; 
polychlorinated biphenyls; lipids; clean-up procedure
The analysis of lipid-containing matrices for residues of 
organochlorine pesticides (OCPs) and polychlorinated 
biphenyls (PCBs) is a common procedure.1-3 All the methods 
require the separation of the residues from the lipids prior to 
the determination of the OCPs and PCBs by gas chromato­
graphy. The removal of the lipids is usually carried out by 
low-resolution column chromatography using an adsorbent 
such as silica, alumina or Florisil as the stationary phase.3’4 
Low-resolution gel permeation chromatography has also been 
used by several workers in order to achieve this type of 
separation.5-9 However, the advent of high-performance 
polymeric columns has provided the opportunity to achieve 
separation whilst taking advantage of the higher resolution 




The column used was a 300 x  7.5 mm i.d. Polymer PLRP-S 
(10 pm, 100 nm pore diameter) column (Polymer Labora­
tories, Shropshire, U K ). This was mounted in a Du Pont 
Instruments 830 Preparative HPLC unit with a Rheodyne 
injection valve fitted with a 2.0-ml injection loop. Detection 
was achieved using an LD C  Spectromonitor I I I  refractive 
index detector set at 2 x  10~4 A R I f.s.d.
Materials
The heptane and propan-2-ol used were both of HPLC grade 
(Fisons, Loughborough, U K ). The OCPs were obtained from 
the National Physical Laboratory (Teddington, Middlesex, 
U K ). The triglycerides were obtained in the form of the 
suppository base Witepsol H15 (J. M. Loveridge, South­
ampton, U K ), which is a mixture of triglycerides of saturated 
fatty acids designed to melt at body temperature. The 
cholesterol was supplied by Sigma Chemical (Poole, Dorset, 
UK ).
Method
A  mobile phase composed of 20% V/V  propan-2-ol in heptane 
was prepared and filtered through a 0.5-pm PTFE membrane 
filter.
* To whom correspondence should be addressed.
Individual solutions of each of the following sixteen OCPs 
were prepared in heptane: a-hexachlorocyclohexane (a- 
H C H ), p-HCH, y-H CH (lindane), 6-H C H , p ,p '-D D T , o,p'- 
D D T , p ,p '-D D E , o ,p '-D D E , p ,p '-TD E , o ,p '-TD E , p ,p '- 
T D E  olefin, chlordane, aldrin, dieldrin, endrin and hexachlo- 
robenzene (HCB). The concentration of pesticide in each 
solution was approximately 0.03% m/V, except for P-HCH, 
which, because of its poor solubility, was used as a saturated 
solution.
The following PCB and lipid solutions were also prepared in 
heptane: 0.5% m /V  Aroclor 1260 +  15% m /V  triglycerides +
0.5% m /V  cholesterol; 0.5% m /V  Aroclor 1242 +  15% m/V  
triglycerides -I- 0.5% m /V  cholesterol; 45 p.p.m. Aroclor 1242 
+ 48 p.p.m. Aroclor 1248 +  102 p.p.m. Aroclor 1260 + 15% 
m /V  triglycerides; 15% m /V  triglycerides +  0.5% m/V  
cholesterol.
The mobile phase was pumped through the column at a 
flow-rate of 2.3 ml min-1 with the injection system and 
column held at 35 °C in order to assist the solubility and reduce 
the viscosity of the lipid solutions. The column eluate was 
passed through the refractive index detector. A  2.0-ml volume 
of each solution was injected and the output of the R I detector 
was recorded on a chart recorder. The volume range after the 
point of injection over which each material eluted is given in 
Table 1. (For example, a -H C H  begins to elute 16.8 ml after
Table 1. Elution fractions of various organochlorine pesticides and 




Triglycerides, 15% +  cholesterol, 0.5% 9.2-14.7
PCBs (Aroclor 1242 with Aroclor 1260), 0.5% . .  16.1-23.9
a-HCH ....................................................................  16.8-21.2
p-HCH ....................................................................  16.8-20.7
Y-HCH (lindane) .................................................  18.4-23.5
6-HCH ....................................................................  15.4-17.9
p ,p '-D D T ....................................................................  15.8-19.6
o ,p '-D D T ....................................................................  14.7-18.9
p,p'-D D E ....................................................................  15.2-19.8
o ,p '-D D E ....................................................................  15.2-18.6
p,p'- T D E ....................................................................  16.6-21.2
o,p'- T D E ....................................................................  15.6-20.9
p,p'-TDE o le fin ........................................................... 16.1-21.2
Chlordane.................................................................... In lipid-17.9
Aldrin .................................................................... In lipid-17.3
Endrin ....................................................................  15.2-18.6
Dieldrin ....................................................................  15.0-18.9
H C B .............................................................................. 14.7-19.1
H e p ta n e ....................................................................  8.7-13.3
1204
the point of injection and has completely eluted 21.2 ml after 
injection at a flow-rate of 2.3 ml min-1 .) The lipid and PCB 
fractions for the p.p.m. level of Aroclor 1242/1248/1260 4- 
15% m /V  triglyceride solution were collected for recovery 
studies. The recoveries of the lipid were determined gravi- 
metrically. The recoveries of the PCBs were determined by a 
GC pattern-matching technique using 4-chloro-ra-cresol as an 
internal standard.
Results and Discussion
All the compounds were eluted within 24 ml and all except 
aldrin and the technical mixture chlordane were completely 
separated from the lipid. This means that all the OCPs 
studied, except aldrin and chlordane, and all the PCB 
mixtures studied can be separated completely from up to 300 
mg of lipid injected in a volume of only 2.0 ml with a total 
elution volume of less than 24 ml. This represents a 
considerable saving in consumables over conventional adsor­
bent or gel permeation clean-up methods. In addition, this 
procedure using a polymeric column allows the lipid fraction 
to be determined gravimetrically. This is not usually possible 
with adsorption chromatography clean-up procedures.
The use of the R I detector and the chart recorder provided a 
visual picture of the chromatographic process. The limit of 
detection of the R I detector was far above that which would be 
required to detect the trace levels of OCPs and PCBs 
encountered in most lipid-containing environmental samples, 
but the lipids were easily detected with the peak going well 
off-scale on the chart recorder. The use of the detector and 
recorder permitted the lipid and OCP - PCB fractions to be 
collected at exactly the right times without having to measure 
elution volumes. Fig. 1(a) shows a typical chromatogram for 
an injection of 2.0 ml of Aroclor 1242 (0.5% m/V) +  
cholesterol (0.5% m/V) +  triglycerides (15% m/V) and Fig. 
1(b) shows the result for a similar injection using Aroclor 1260 
instead of 1242. The sharp rise and fall of the unretained lipid 
band should be noted. The PCB peak in both Fig. 1(a) and (b) 
is broad. This is due not only to the large injection volume
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employed but also to the fact that the Aroclors are mixtures of 
a number of chlorobiphenyl compounds, each showing slightly 
different retention characteristics. The more highly chlori­
nated PCBs found in Aroclor 1260 tend to elute slightly earlier 
(i.e., nearer the lipid) than the less chlorinated PCBs found in 
Aroclor 1242. Slight tailing is evident in both Aroclor peaks.
The recoveries of lipids in four replicate samples were 
determined to be 96.3, 96.6, 98.0 and 98.9%. The recoveries 
of PCBs were typically found to lie in the range 91-101% with 
no discernible discrimination between the different PCB 
congeners. Our reason for developing this procedure was to 
provide a more rapid and economic method for the isolation of 
OCP and PCB residues in human milk extracts than those 
methods currently available. The results so far indicate that at 
the 1-10 p.p.b. level in 10 ml of milk (10-100 ng), we are 
obtaining recoveries greater than 70% for the entire extrac­
tion, HPLC isolation and capillary GC - ECD analytical 
procedure. Unfortunately, endrin has been noted to be “lost” 
occasionally. I f  this is due to the HPLC step, it may be that the 
high fat concentration causes the endrin to elute faster and so 
to remain in the lipid fraction. This effect has not been noted 
with any other compound and the fact that it does not always 
occur suggests that collecting the OCP - PCB fraction closer to 
the lipid fraction may cure the problem.
Fig. 2 shows the results obtained by injecting 2.0 ml of the
0.03% m /V  p ,p '-D D T  solution. The large off-scale peak on 
the chromatogram is a solvent front due to the heptane, not to 
any lipid in the sample. Again, there is slight tailing in the 
p ,p '-D D T  peak and the peak is broad, but it is fairly well 
retained and would be well removed from any lipid in the 
sample.
The elution volumes given in Table 1 show that, using this 
system, all the OCPs and PCBs studied (except for aldrin and 
chlordane) should be completely resolved from up to 300 mg 
of lipid. The PLRP-S polymeric column employed in this study 
is described by Polymer Laboratories as a spherical, rigid 
macroporous polystyrene - divinylbenzene adsorbent. Its 
homogeneous aromatic structure and high surface area create 
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Fig. 1. (a), Injection of 2.0 ml of Aroclor 1242 (0.5% m/V) + 
cholesterol (0.5% m/V) + triglycerides (15% m/V) in mobile phase. 
Column, 300 x 7.5 mm i.d.; polymer, PLRP-S; mobile phase, 20% 
propan-2-ol in heptane; flow-rate, 2.3 ml m in-1 (b) Injection of 2.0 ml 
of Aroclor 1260 (0.5% m/V) + cholesterol (0.5% m/V) + triglycerides 
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Fig. 2. Injection of 2.0 ml of p ,p '-DDT (0.03% m/V) in heptane. 
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and a wide eluent compatibility. It is recommended for 
separations requiring reversed-phase conditions. However, 
we have employed it under normal-phase conditions because 
our sample was predominantly lipid. From previous 
experience with polymeric resins such as Amberlite XAD-4 
(BDH Chemicals, Poole, UK) we knew that aromatic 
compounds were retained by these materials from aqueous 
solutions. Our objective was to achieve no retention of the 
lipid and slight retention of the OCPs and PCBs. The high 
lipid content of our sample essentially limited the choice of 
mobile phase to hydrocarbon, chlorohydrocarbon or THF- 
based systems. Chlorohydrocarbons were rejected because 
our original analytical procedure required GC with electron- 
capture detection. Hydrocarbons were selected because they 
permitted more polar solvents to be added in order to 
influence selectivity. Heptane was preferred to hexane 
because of its reduced volatility, and propan-2-ol was used as 
the more polar component because of its miscibility. It was 
found that increasing the propan-2-ol content increased the 
retention of the OCPs and PCBs but slightly reduced the 
ability of the mixture to dissolve large quantities of lipid. The 
composition of 20% VIV  propan-2-ol in heptane provided a 
good separation of the OCP and PCB residues from a large 
quantity of lipid in a small elution volume. A discussion of the 
mechanism of retention of the residues is beyond the scope of 
this paper but almost certainly involves elements of adsorp­
tion, partitioning and size exclusion. It may well be possible to 
attain greater selectivity by using other polar solvents such as 
THF or dichloromethane and so to give more scope for the 
fractionation of the OCPs and PCBs should this be required.
Conclusions
It has been demonstrated that the use of a 300 x 7.5 mm i.d. 
Polymer PLRP-S high-performance column with 20% VIV 
propan-2-ol in heptane as the mobile phase is a useful clean-up 
procedure for the separation of lipids from OCP residues. The
system offers the advantages of low solvent consumption, high 
lipid capacity with the option of recovering the lipid fraction 
and the convenience of being able to monitor the separation 
with a refractive index detector. The disadvantages of the 
system include the inconvenience of having to process one 
sample at a time and the possibility of leaving a small residue 
of sample in the injection syringe. This latter problem, in our 
experience, appears to be negligible when using such large 
injection volumes.
We are grateful for the research award granted to M. P. S. by 
the Pharmaceutical Society of Great Britain and to Dr. M. 
Cooke of Bristol University for providing the Aroclors.
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Routine Determination of Organochlorine Pesticides and 
Polychlorinated Biphenyls in Human Milk Using Capillary Gas 
Chromatography - Mass Spectrometry*
Mark P. Seymour, Terry M. Jefferiest, Arthur J. Floydt and Lidia J. Notarianni
School of Pharmacy and Pharmacology, University of Bath, Claverton Down, Bath BA2 7AY, UK
The analysis of human milk for residues of polychlorinated biphenyls and organochlorine pesticides is a 
laborious and expensive procedure. This paper describes an approach to this analysis which is significantly 
less labour-intensive and more cost effective than traditional methods. These advantages were achieved by 
the adsorption of the milk on to a polar substrate prior to Soxhlet extraction, using a polymeric HPLC column 
for the clean-up of the extract followed by a highly selective capillary GC - MS analysis for the determination 
of the residues.
Keywords: Polychlorinated biphenyl determ ination; organochlorine pesticide determ ination; residue 
analysis; human m ilk; capillary gas chromatography -  mass spectrometry.
Over the past few years there has been an increasing 
awareness of the need to monitor environmental levels of 
organochlorine pesticides (OCPs) and polychlorinated 
biphenyls (PCBs). These compounds are known to display 
various types and degrees of acute toxicity,1 but with a few 
exceptions acute toxicity is not usually a problem at environ­
mental levels of contamination. The OCPs and PCBs gener­
ally occur in human milk at the low p.p.b. level, and few 
organochlorine compounds, except perhaps the chlorinated 
dibenzodioxins and dibenzofurans, exhibit significant acute 
toxicity at these concentrations. However, OCPs and PCBs 
are very persistent and we are all constantly exposed to low 
levels of these pollutants, mainly through our diet.2 Because 
of this persistence and the ability of these compounds to 
accumulate in the body, together with the ubiquity of the 
contamination, the possibility of chronic toxicity, whatever 
form it may take, cannot be ruled out. It is largely for these 
reasons that government authorities around the world, in 
addition to individual laboratories, have directed considerable 
effort towards the monitoring of organochlorine compounds 
in the environment. It is important to monitor the contamina­
tion of human milk for two principal reasons. Firstly, the 
stability and high lipophilicity of these compounds mean that 
relatively high levels can accumulate in human milk lipids.3 
Secondly, the infant receiving the milk has only poorly 
developed defences against an assault by chemicals and so may 
be more susceptible to any toxic effects. This does not mean 
that acute poisoning of infants through breast feeding is to be 
expected, but it may be speculated that this early exposure to 
toxic materials may pre-dispose the individual to certain 
disease states in later life.
Experimental
Extraction Procedure
The extraction of organohalogen residues may be accom­
plished by a number of methods. These procedures are often 
lengthy and require large amounts of solvent.4 As an 
'alternative to methods based on the use of separating funnels 
or centrifugation, freeze-drying of the milk followed by 
Soxhlet extraction of the dried powder may be used. 
However, this may give a relatively dirty extract and the
* Presented at SAC 86, the 7th SAC International Conference on 
Analytical Chemistry, Bristol, UK, 20-26 July 1986. 
t  To whom correspondence should be addressed.
$ School of Chemistry.
freeze-drying process may result in the partial loss of some of 
the residues.5 In an attempt to avoid these problems, we 
adsorbed the milk on to a polar substrate and removed the 
water by gentle evaporation. The nature of the adsorbent used 
is very important. It must be very permeable to the solvent in 
order to allow efficient extraction through the thimble. It must 
also retain as much of the milk matrix as possible, i.e., the 
protein, carbohydrates, electrolytes, residual water, etc., but 
not retain the organochlorine residues or lipids. We found that 
a 1 + 1 by volume mixture of fibrous cellulose (Whatman) and 
60-100 mesh Florisil adequately fulfilled our requirements. 
The Florisil retained much of the unwanted material and the 
fibrous cellulose, with its diversity of particle sizes and 
geometries, served to make the Soxhlet bed permeable in 
addition to having some retentive properties of its own. In our 
method, a known amount of milk (about 10 ml) was added to 
two-thirds of a 30 x 80 mm Soxhlet thimble-full of the 
cellulose - Florisil adsorbent in a glass mortar and was mixed 
in for about 1 min. This was then placed in a fan oven at 60 °C 
for about 30 min in order to evaporate the water. The 
evaporation was aided by occasional re-mixing of the adsor­
bent substrate.
During the drying process, the milk constituents and 
organochlorine residues bound to the adsorbent allowing the 
water to evaporate but retaining the residues. The dried 
material was then transferred quantitatively with hexane 
washings directly into the Soxhlet thimble and was extracted 
overnight with hexane at a cycling rate of about 30 to 40 cycles 
h_1 providing a solid - liquid extraction instead of the more 
usual liquid - liquid extraction. During the extraction, the 
milk components began to turn brown but much of this straw 
brown colour was retained by the adsorbent, although some of 
it passed into the extract. The extract was then passed through 
a hexane-washed filter-paper into a Kuderna - Danish evap­
orator and was reduced in volume to about 1.3 ml. This small 
volume of extract contained the OCP and PCB residues, a 
high proportion of milk lipids and residues of other milk 
components.
Clean-up Procedure
The clean-up procedure has to separate the organochlorine 
residues from all other material in the extract, and in addition 
it should permit the recovery of the lipid material in order to 
allow a gravimetric determination of the fat content to be 
carried out. There are three main approaches to sample 
clean-up in current use: acetonitrile partitioning, column 
chromatography using various stationary phases and solvent 
systems and gel permeation chromatography (GPC).6 Gel
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permeation chromatography has the advantages that the lipid 
is recovered and the column is re-usable. Solvent 
consumption, however, is high and fractionation of the 
residue components, if required, may be quite limited.
In order to avoid the use of large volumes of solvent, we 
used high-performance polymeric columns with a view to 
reducing the solvent consumption but maintaining separa­
tion.7 With a sample size approaching 2 ml, the column has to 
be at least semi-preparative in size and we used a Polymer 
Laboratories PLRP-S 300 x  7.5 mm column with 10-pm 
particle size and 100-nm diameter pores. Using 20% propan-2- 
ol in heptane as the mobile phase at a flow-rate of 2.3 
ml min-1 and keeping the injection system and column at 
35 °C to reduce the viscosity of the injected sample, the total 
elution volume for an injection was less than 24 ml. The lipid 
was eluted first and collected for a gravimetric determination 
of fat content. The elution of the lipid may be monitored using 
a refractive index detector. The OCPs and PCBs were eluted 
in the 11 ml immediately after the lipid and this volume was 
collected as one fraction. There is little scope for fractionation 
with such a small elution volume and no attempt was made to 
fractionate the residues. To this 11 ml a known volume of an 
internal standard (1 ml of 50 ng ml-1 4,4'-dibromobiphenyl) 
was added for the GC - MS determination only, and this was 
evaporated to about 1 ml over clean, dry air. The extract was 
then ready for GC determination.
Gas Chromatography - Mass Spectrometric Determination
The GC - MS equipment used for this work was a Dani 3800 
gas chromatograph coupled to a V G  7070E (V G  Analytical) 
mass spectrometer. The column was a 15 m x 0.25 mm i.d. 
DB-210 (0.25 pm film) (J &  W  Scientific) with a 2 m retention 
gap of 0.25 mm i.d. deactivated fused silica. The carrier gas 
was helium at a linear gas velocity of 70 cm s-1 . The injector 
port was maintained at 270 °C and the oven programme was 
80 °C for 2.5 min then 1.5 °C min-1 to 200 °C. The injection 
was of 10 pi of sample introduced over 15 s with a splitless time 
of 2 min. The mass spectrometer was used in the positive 
ion - multiple ion monitoring mode (see Table 1 for ion 
masses monitored) with 70 eV E l ionisation and a dwell time 
of 100 ms on each mass. Resolution (10% valley) was 500 with 
“flat-top peak” tuning. The specific analytes determined were 
a-H C H , |3-HCH, y-HCH, 6-H CH, o ,p '-D D T , p ,p '-D D T, 
o ,p '-D D E , p ,p '-D D E , dieldrin, endrin, PCB 118, PCB 156, 
PCB 157, PCB 169 and PCB 189. The numbering system for 
PCBs is after Ballschmiter and Zell.8
With a large number of analytes, as in this example, the 
question of chromatographic selectivity arises. We found that 
a 50% trifluoropropyl column (OV-210 or similar) gives very 
good selectivity amongst organochlorine pesticides, however, 
the selectivity between PCB isomers was more important for 
our work. Fig. 1 shows a mixture of OCPs together with a large 
number of PCBs in the form of Aroclors chromatographed on 
DB-210 column (J &  W  Scientific). The chromatogram shows 
that all the OCPs are resolved from each other and that the 
PCBs are well scattered. On very non-polar stationary phases 
such as Apiezon greases, OV-1 or SE-54 the PCBs tend to 
elute in clusters depending on the level of chlorination, with 
the lower chlorinated compounds eluting earliest. This means 
that there is a reduced likelihood that PCBs with the same 
number of chlorines, i.e., isomers, will be resolved as they 
tend to elute in tight groups. A  mass spectrometer cannot 
usually distinguish between PCB isomers as their mass spectra 
are essentially identical, but it can distinguish between PCBs 
with different numbers of chlorines. Fig. 2 shows the mass 
spectra for three different PCB congeners. Figs. 2(a) and 2(b) 
are for different hexachlorobiphenyls; it can be seen that they 
are essentially indistinguishable but give virtually no interfer­
ence in the molecular ion cluster of the pentachlorobiphenyl 
shown in Fig. 2(c). Hence, in this example, hexachloro
Table 1. Selected ion mass monitored for determination by GC - MS
Analyte m/e monitored




H C B ..............................................  284
P en taC B s..................................... 326
H e x a C B s ..................................... 360
H eptaC B s..................................... 394
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Fig. 1. Chromatogram of mixture of PCBs (as mixed Aroclors), 
selected OCPs and 4,4'-dibromobiphenyl separated on a 15 m x  0.25 
mm i.d. DB-210 column (0.25 pm film) (J & W). Injection volume, 2.5 
pi. Splitless mode; 100 °C for 100 s, 1.2 °C min-1 to 190 °C. H2 carrier 
at 70 cm s-1; electron capture detection; injector temperature, 
270 °C; ECD temperature, 350 °C. 1, HCB; 2, a-HCH; 3, y-HCH; 4, 
aldrin; 5, 6-HCH; 6, 4,4'-dibromobiphenyl; 7, o,p'-DDE; 8, p,p'- 
TDEolefin; 9,p,p '-DDE; 10, o,p'-TDE; 11, o,p'-DDT; 12, dieldrin; 













Fig. 2. (a) Mass spectrum of 2,3,3',4,4',5'-hexachlorobiphenyl; (b) 
mass spectrum of 2,3,3',4,4',5-hexachlorobiphenyl; and (c) mass 
spectrum of 2,3',4,4',5-pentachlorobiphenyl
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isomers can readily be distinguished from pentachloro isomers 
and similarly for other isomer groups differing by one 
chlorine. Polychlorinated biphenyls differing by two chlorines 
can, however, cause problems. The loss of two chlorines is a 
favoured fragmentation pathway for PCBs9 and therefore a 
PCB containing n +  2 chlorines can lose two of the chlorines 
and hence give rise to partial interference in the molecular ion 
cluster of a PCB containing n chlorines. This is illustrated in 
Fig. 3(a) by the heptachlorobiphenyl fragment ions giving rise 
to peaks in the mass fragmentogram produced by monitoring 
m/e =  326. Consequently, the selectivity between PCB 
isomers and between isomer groups differing by two chlorines 
has to come from the GC component of a GC - MS 
determination. Hence, a more polar, more selective station­
ary phase has to be used in order to scatter the PCB isomers 
more effectively, giving a greater chance of separating the 
members of each isomer group. A  50% trifluoropropyl 
column provides good selectivity by virtue of the unique 
properties of the fluorinated side-chain, whilst maintaining 
good column stability and efficiency.
Table 1 shows the ion masses monitored for each analyte 
group. Five specific PCB congeners are included in the list of 
analytes and these particular congeners can be quantified 
using this method. Unfortunately, most PCB congeners are 
not available commercially and congener-specific determina­
tions may well involve in-house synthesis of standards for 
some congeners.10'11
Results
Fig. 3 shows a l  +  1 +  1 +  1 mixture by mass of Aroclors 1242, 
1248, 1254 and 1260 chromatographed on a 15 m DB-210 
column. Figs. 3(a) and (b) are two mass fragmentograms 
produced from the same injection and the time .scales are 
superimposable. Fig. 3(a) was produced by monitoring mle =  
326 (the base peak in the pentachlorobiphenyl molecular ion
(a)








Fig. 3. Mass fragmentograms from a single injection o f a l  +  1 + 1 +  1 
mixture of Aroclors 1242 +  1248 +  1254 +  1260 (approx. 100 p.p.b. of 
each). GC - MS conditions as in text, (a) Monitoring m/e =  326 
(molecular ion for pentachlorobiphenyls). Pentachlorobiphenyl 
window approx. 16 min. (b) Monitoring mle = 360 (molecular ion for 
hexachlorobiphenyls). Hexachlorobiphenyl window approx. 18 min
cluster) and Fig. 3(b) was produced by monitoring m/e =  360 
(the base peak in the hexachlorobiphenyl molecular ion 
cluster). I t  can be seen that the selectivity of the 50% 
trifluoropropyl column scattered the pentachloro isomers over 
a window about 16 min wide and the hexachloro isomers over 
a window about 18 min wide. Despite the fact that many 
pentachloro- and hexachlorobiphenyls co-elute, the selectivity 
of the mass spectrometer prevented any major interference 
between the isomer groups. Heptachlorobiphenyls produce 
fragment ions at m/e =  326 and could therefore interfere with 
the pentachlorobiphenyls, but there is little overlap between 
the pentachloro- and heptachlorobiphenyl elution windows 
and hence the chance of interference is small. Using a 15-m 
column, the total analysis time for all OCPs and PCBs studied 
was about 70 min. The use of a 2-m retention gap not only 
served as a guard column, but also permitted the use of large 
injection volumes, which reduced the limits of detection of the 
method.
We can also quantify “total PCBs” by our method. There is 
some controversy over total PCB determination as many of 
the methods used, such as pattern-matching, are only semi- 
quantitative10 and suffer from poor accuracy, poor precision12 
or both. Moreover, a total PCB value is not very meaningful in 
a toxicological context and tells the analyst nothing about the 
distribution of congeners within that value. For complete­
ness’s sake, we can produce a total PCB value by measuring 
the total areas of the peaks for penta-, hexa- and heptachloro­
biphenyls and comparing this area with that produced by an 
Aroclor 1260 standard. Aroclor 1260 is commonly used as a 
standard for pattern-matching analyses of human milk and 
penta-, hexa- and heptachloro compounds account for about 
92% by mass13 of Aroclor 1260. Consequently, our total PCB 
value is expressed as ng ml-1 of Aroclor 1260. It  is advisable to 
monitor ions for all ten levels of PCB chlorination in order to 
detect any unusual PCB distributions but we use only the 
penta- hexa- and heptachlorobiphenyls for quantification.
Fig. 4 shows the chromatographic trace of a milk sample 
processed by our method and analysed using a Perkin-Elmer 
8320B gas chromatograph with a 25 m OV-17 column and 
electron capture detection (ECD ). The chromatogram is fairly 
complex but certain compounds can be identified and by 
virtue of the high resolution some can be quantified. Gener­
ally, however, there is too much overlapping of peaks to 
permit the accurate determination of the majority of analytes 
and fractionation would have to be carried out in this instance 
prior to determination by GC - ECD. Fig. 5 shows three of 
the mass fragmentograms produced by the same sample 
determined on our GC - MS multiple ion monitoring system 
using the 50% trifluoropropyl column with a retention gap. It 
can be seen that the signal to noise ratio is much improved and 
that the analyte identification is much more confident. The 
resolution of all our target analytes is at least adequate and 
accurate determination is possible in all instances. Fractiona­
tion is unnecessary, thus saving time in both sample prepara­
tion and GC analysis as all the compounds are determined in 
one run. In Fig. 5(a) there is slight interference of one of the 
pentachlorobiphenyl peaks by two hexachlorobiphenyls. This 
is because the two hexachlorobiphenyls concerned are present 
at much higher concentrations than the pentachloro com­
pounds and hence the very minor fragments at m/e =  326 
produced by hexachlorobiphenyls show up, but this inter­
ference is of little practical significance.
Table 2 shows the recoveries and relative standard devia­
tions for the procedure using GC - ECD and GC - MS 
analyses. The recovery experiments were carried out by 
spiking the adsorbent with an accurately known amount of 
each of the analytes (approximately 50 ng) plus an accurately 
known amount of lipid (approximately 300 mg of a mixed 
triglyceride suppository base). A  10-ml volume of glass- 
distilled water was added and the extraction and clean-up 
procedures were carried out as for the milk samples. The
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Fig. 4. Chromatogram of milk extract separated on a Perkin-Elmer Model 8320B GC - ECD fitted with an O V-17,25 m x , 0.25 mm i.d. (0.2 pm 
film) column. Injection volume 2.5 pi. Splitless mode; 100 °C for 2 min, 30 °C m in-1 to 120 °C, 1.3 °C m in-1 to 240 °C. H 2 carrier at 
70 cm s_1; injector temperature, 270 °C; ECD temperature, 350 °C
recoveries are all at least adequate except for 6-H CH, which is 
rather low and probably not usable. The recovery for PCB 169 
is also low but is probably just acceptable. The relative 
standard deviations are, on the whole, fairly low for this type 
of analytical procedure and therefore the method appears to 
be fairly precise.
The limits of quantification are all at least 0.1 ng ml-1 in 
whole milk, or better for individual compounds; this is a 
conservative figure for most analytes, particularly hexa- 
chlorobenzene where the limit of quantification is well into the 
parts per 1012 range.
Discussion
The analysis of human milk for OCP and PCB residues poses 
considerable problems. There are 209 possible PCB con­
geners, although only a selection of these have been found in 
human milk samples. In addition, milk is known to contain 
many OCPs. Most of the individual residues are present in 
human milk at the low ng ml-1 level and have to be separated 
from about a 107-fold excess of lipid, in addition to the other 
constituents of milk, prior to quantification. A ll the methods 
used consist of three main steps: extraction, clean-up and GC 
quantification.
The simplicity of our extraction and clean-up procedures 
provide considerable savings in terms of labour and consum­
ables. The use of an adsorbent substrate in the Soxhlet 
extraction step not only obviates the need for freeze-drying 
but also retains much of the milk matrix thus producing a 
relatively clean extract. The HPLC clean-up using a semi­
preparative polymeric column provides a lipid fraction of low 
volume for a gravimetric determination of lipid content, and 
an organochlorine residue fraction which, after the addition of 
an internal standard and further reduction in volume, is 
suitable for GC - MS determination.
The quantification of organochlorine residues by gas 
chromatography is most frequently carried out using electron 
capture detection. The ECD is very sensitive to organo­
chlorine compounds but exhibits only partial selectivity for 
these substances and an extensive clean-up procedure there­
fore has to be incorporated in the sample work-up. An 
alternative to the ECD is the Hall electrolytic conductivity 
detector. This detector can be made to be very selective for 
organochlorine compounds and can therefore tolerate less 
clean samples. The detector of choice, however, is the mass 
spectrometer. It  is very sensitive, exhibits a very wide linear 
dynamic range and offers unrivalled selectivity. This means 
that sample clean-up can be minimised and that fractionation 
of complex multi-residue samples can generally be avoided.
The GC - MS determination may be implemented in many 
different ways according to the requirements of the analyst 
and the facilities available. A  50% trifluoropropyl column 
provides good selectivity amongst OCPs and effectively 
scatters PCB isomers for MS detection. A  15 m x 0.25 mm i.d. 
(0.25 pm film) column is adequate for the purpose but there is 
scope for improvement, perhaps using a slightly more efficient 
or more selective column; liquid crystalline phases may be 
useful in this context. The use of a retention gap not only acts 
as a guard column but also allows large injection volumes to be 
used.
Various mass spectrometric conditions can be employed for 
this type of determination. This work was carried out using the 
positive ion 70 eV electron impact mode but techniques such 
as negative ion chemical ionisation show considerable promise 
and offer greater sensitivity and selectivity. An added bonus in 
using GC - MS is that the selectivity is so great that HPLC  
grade solvents can be used for the sample work-up instead of 
the considerably more expensive pesticide grades.
The procedure appears to be simpler and more cost 
effective than other methods for the determination of OCP














Table 2. Recoveries and relative standard deviations for selected 
analytes determined from spikes (see text) using GC - ECD and 
GC - MS. Mean recovery of lipid (n =  5) =  94.2%, relative standard 
deviation (RSD), 2.22%
Mean
recovery RSD Mean RSD 
(GC - ECD), (GC - ECD), (GC - ECD), (GC - EC]
Analyte % % % %
HCB . . 83.2* 2.54* 99.81 13.86
a-HCH 87.2 4.30 106.92 6.83
p-HCH 88.4 5.56 90.89 9.39
y-HCH 90.9 3.53 106.51* 4.99'
6-HCH 63.2 9.38 67.30 8.41
o,p'-DDE 91.5 2.89 86.69 6.28
p,p'-D DE 100.lt 2.84t 92.68* 9.16'
o,-p'DDT 94.6 5.11 91.66 10.55
p,-p 'DDT 97.8 6.01 98.88 10.12
Dieldrin 87.8 4.64 94.09 10.36
Endrin 98.9 5.49 96.03 8.51
PCB 156 92.0 3.20 99.62 8.31
PCB 157 91.2 2.03 95.36 8.74
PCB 169 79.7 7.56 77.52 11.79
PCB 189 
* n =  4.
89.8 2.94 80.71 13.38
t  n = 3.
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An Analysis of PCBs and Organochlorine Pesticides by Capillary Gas 
Chromatography—A Modern Approach to PCB/OCP Residue Analysis 
of Human Milk
M. P. Seymour, T. M. Jefferies* and L. J. Notarianni
School o f Pharm acy and Pharmacology , University o f Bath, Bath BA2 7A Y
The contamination of our environment with persistent, toxic 
compounds has become an issue of increasing importance over 
the past few years. Two groups of compounds in this category 
are the organochlorine pesticides (OCPs) and the poly­
chlorinated biphenyls (PCBs).
Accurate and precise analyses for OCP and PCB residues are 
difficult and complex because of three prinicipal factors: the 
complexity of the residue matrices, the low levels of contami­
nation and the large number of individual compounds in the 
analyte group.
The aim of our work is to quantify selected OCPs and 
selected PCB congeners as well as total PCBs in samples of 
human milk.
Experimental
Traditional methods of analysis for OCPs and PCBs in milk 
samples are complex and labour intensive, requiring the use of 
efficient extraction processes plus extensive clean-up and 
fractionation procedures.1 Such clean-up and fractionation 
steps often make use of one or more column chromatography 
stages per sample employing different solvents or column 
packing materials in order to achieve sample fractionation.2 
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usually by a gas-chromatographic method. In our approach to 
the problems of this analysis, the usual column chromato­
graphy based procedures have been replaced by more modern 
and less laborious techniques (Fig. 1).
The sample of milk is adsorbed on to a hydrophilic substrate 
in a Soxhlet thimble. The milk is continuously extracted with 
hexane for several hours, after which time the extract is filtered 
through an anhydrous sodium sulphate bed into a Kuderna- 
Danish evaporator. The extract is then reduced in volume to 
about 1.3 ml.
At this point, the extract contains a very high proportion of 
human milk lipids which have to be removed prior to gas 
chromatographic (G C) analysis. This is achieved using a 
high-performance gel permeation column (Polymer PLRP-S 
300 x  7.5 mm i.d., 10 pm particle size, 100 nm pore size). The 
sample is injected on to the column through a valve injection 
system. The lipids are all eluted within the first 10 ml or so 
followed by the PCBs and the majority of the OCPs in the next 
12 ml. Thus, the total elution volume for the clean-up 
procedure is only about 22 ml. In contrast to column chromato­
graphy clean-ups, this HPGPC technique not only uses far less 
solvent but also allows the collection of the lipid fraction of the 
milk for a gravimetric determination of fat content. The 
OCP/PCB fraction is then reduced over air or nitrogen to the 
required final volume for GC analysis.
The sample, at this point, routinely contains very many 
individual OCP and PCB components and not even the high 
resolving power of capillary GC is capable of separating more 
than a few of the analytes sufficiently for accurate quantifica­
tion to take place (Fig. 2). In Fig. 2, for example, even some of 
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Fig. 2. OCP/PCB fraction of human milk injected on to a 25 m OV-17 
0.25 mm i.d. 0.2 pm film capillary with hydrogen as carrier gas and 
electron-capture detection. Some selected OCPs are identified. Most 
of the later eluting peaks are PCBs. Other peaks are: 1, HCB; 2, 
beta-HCH; 3, dieldrin; 4, p,p'-DDE; 5, p,p'-DDT







Fig. 1. Procedure for the analysis of human milk for organochlorine 
pesticides and polychlorinated biphenyl residues
* To whom correspondence should be addressed.
In order to overcome this problem, the sample is usually 
fractionated by column chromatography with a number of 
different mobile phases. As an alternative to this, we decided 
to employ the considerable selectivity afforded by capillary 
GC - MS in order to achieve specificity for our chosen analytes. 
Our philosophy was to obtain as much selectivity for the 
analytes as possible using a selective capillary GC phase and 
then to enhance this by utilising the considerable specificity and 
sensitivity offered by mass spectrometry with selected ion
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monitoring as the detection mode. Further sensitivity can be 
gained, if required, by employing large injection volumes on a 
retention gap.
Taking this approach completely avoids the fractionation of 
the cleaned-up sample and permits the determination of the 
selected analytes in one GC run. For the purposes of this 
analysis, a trifluoropropyl capillary column was found to 
provide a high degree of selectivity amongst OCPs and PCBs, 
thus helping to minimise the number of co-eluates.
Considering the PCBs alone, there are 209 possible congen­
ers and a significant number of these have been shown to 
accumulate in human milk.3 Different PCB congeners exhibit 
different toxicological profiles4 and ideally, any toxicological 
evaluation of PCB contamination would be based on congener- 
specific analysis. Such analyses have been performed3 but 
present the analyst with several obstacles, not least of which is 
the acquisition of analytical standards for each congener. As a 
compromise, we intend to use capillary GC - MS with SIM to 
analyse for selected congeners that we have synthesised 
in-house. Obviously, total PCBs can also be determined by a 
congener-specific method, but other less demanding methods 
for total PCBs, such as pattern matching and perchlorination 
techniques, have also been used. These, however, can be 
rather inaccurate and do not generate any congener-specific 
data, making toxicological evaluation of the result all but 
impossible. Despite this, in the interests of completeness, it is 
desirable to produce data regarding total PCB contamination 
of the sample and to this end we decided to employ a 
perchlorination method, which involves conversion of all 
chlorinated biphenyls to decachlorobiphenyl by the action of 
antimony pentachloride at elevated temperature.5 This allows 
total-PCBs to be quantified as one substance (decachlorobi­
phenyl) by gas chromatography. The procedure also enhances 
sensitivity when using electron capture detection as all the 
PCBs are essentially “concentrated” into one, highly electron- 
capturing peak.
Discussion
Overall, we have aimed at a method of milk analysis that is very 
much less labour-intensive than traditional methods and which 
uses highly selective and sensitive capillary GC techniques. By 
taking this approach, it is possible to analyse a large number of 
samples in a relatively short time with a considerable saving on 
consumables.
The major drawbacks are that the method requires special­
ised equipment, such as a high-performance gel permeation 
column and, more particularly, a capillary GC - MS system. At 
present the latter constraint may put this type of analytical 
methodology out of reach of many laboratories but GC - MS 
systems should become more accessibly priced in the near 
future, making the routine use of this powerful technique cost 
effective for complex analytical problems.
We should like to thank Dr. A. J. Floyd for his help with the 
mass spectrometry aspects of this work.
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ROM-overlay Programmes for the Spectra-Physics 4270 Integrator. 
Application to HPLC Column Efficiency and Suitability Testing
P. Jones
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The use of HPLC for the quantitative analysis of drug 
substances has increased dramatically in recent years. In order 
to comply with Good Laboratory Practice and pharmacopoeial 
requirements, it is necessary to test the chromatographic 
system to ensure its suitability for the particular assay. Use of 
the Spectra-Physics 4270 integrator as part of the chromato­
graphic system has facilitated the introduction of suitability 
testing. ROM-overlay programmes have been written, which 
tailor the integrator output to the particular suitability test and 
eliminate operator measurement and calculation.
Suitability Testing and Programme Structures
In order to assess the suitability of a chromatographic system 
for a particular assay, column efficiency, resolution of com­
ponents, tailing factor of the analyte peak and standard 
deviation for replicate injections must all be determined. The 
relative standard deviation of replicate injections can be 
obtained by using the integral statistics package of the SP 4270. 
Other parameters require programme modification.
A  measure of column efficiency is provided by calculating 
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SP4270 ROM overlay programme
fiRESO written by Peter Jones.- Wyeth Research <UK> Ltd. 
This programme calculates the efficiency of each peak in 
the chromatogram. Resolution is also calculated.
Gaussian peaks are assumed.




Fig. 1. ROM-overlay programme incorporating resolution and column efficiency values into the report of the SP 4270
